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ABSTRACT 
During the last ten years, exp'rimental data have 
been obtaine, mainly in Indian laboratories, about the 
effect of external irradiation by visible light on the 
current of an electrical discharge through certain 
electronegative gases. 	This effect is seen ns a 
reduction (or in some cases, an enhancement) of the 
discharge current on exposure to visible light. Most 
of the previous work has been done on a.c. discharges, 
which favour the observations by showing a substantial 
reduction in the discharge current. However, since 
the different prccesses Involved In an electrical 
discharge are better understood In the case of d.c, 
discharges, the present study was initiated with a view 
to obtaining experimental evidence in the case of a d.cj 
discharge, which may elucidate the primary processes 
responsible for the observed effect of visible light. 
The experiments were conducted in air and hydrogen, 
which are known to exhibit the said light-effect; and 
the range of pressure had to be limited to low values 
so as to obtain conditions favourable to observe the 
effect. 	Special split-electrode geometry was used- 
to observe separately the changes in the currents 
flowing along the walls and near the axis of the 
discharge tube. 	Two techniques were used to obtain 
the information about the constituent parameters of the 
discrarge, in addition to measuring the effect of light 
on discharge current. 	A Langmuir probe was used to 
- 2-. 
investigate melds the discharge and the noise 
Spectrum of the discharge as also studied in the 
range of 20-1000 Mc/s, using an external coupling, 
The probe measurements were made in the plasma 
Of the positive column of the discharge, Attempt 
was only made to measure the positive ion current to 
the probe, which showed a decrease in value on exr.osure 
to light. In view of the possibility of photo-
dissociation of diatomic molecules into single atoms, 
a plausible explanation Is advanced, supported by the 
observations of the effect of light on different parts 
of the ourents, measured with the split electrode. 
The noise spectrum from the discharge was found 
In a band of frequencies which could neither be 
related to plasma electronic oscillations nor to the 
plasma ionic oscillations. 	The observed noise 
seemed to be produced by a series of very narrow 
pulses at a repetition rate of a few ke/s. On expos-
ure to light, the general trend was a diminution in 
the heights of these pulses and, in some cases, the 
lowering of the frequency of oscillations, 	The 
process of generating the observed signals Is discussed 
in the light of their association with the different 
types of charged particles. 
Results of an attempt to measure the time-lag of 
the irradiation effect by using brief pulses of light 
are given at the end; and a note on the conditions for 




1.1 	During the last ten years, a good amount 
of experimental data have been obtained, mainly in 
Indian laboratories, about the effect of external 
irradiation by visible light on the current of an 
electrical discharge through certain electronegative 
gases. Under suitable conditions this effect is 
seen, in most cases, as a reduction of the discharge 
current on exposure to visible light. 
1.2 	When electricity passes through a gas from 
one plane electrode, to another parallel to it, the 
phenomena taking place are many and complicated. 	At 
any point in the body of the discharge, ions are 
being produced by electron impacts, are disappearing 
by recombination, are diffusing away, and are being 
carried away by the electric field. These different 
processes, viz, ionisation of neutral particles, the 
non-uniform distribution of charged particles, and 
the attachment of charged particles to neutral 
particles had been the subjects of study, of many 
workers, since the beginning of this century. 
1.3 	The effect of external light and of impurities 
on the different processes occuring in a discharge 
tube were first studied by Thomson (1928) and later 
by Penn1n (1928 and 1932). 	In his study of the 
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effect of external light, Thomson observed that if 
the applied potential isiphtly less than the 
break down potential (i.e. the potential at which a 
visible glow-discharge appears) and the discharge tube 
is exposed to light, the discharge takes place. 
This effect is also observed even if the metal 
electrodes are screened from irradiation or even 
in the electrodeless discharge. In Penning's 
experirrients, in which the effect of neon illumination 
on a corona discharge in contaminated neon was 
studied, he was using the resonance frequency for 
the external irradiation and hence the observed 
reduction in the discharge current could be attributed 
to an increase in Vb,  the breakdown potential. 
1.4 	In 1940, Josh! observed [Josh! & Narsimhrao 
(1940), Joshi & Deshxnukh (1941)] that the r.m.s, 
value of the discharge current in a glass ozonizer, 
filled with chlorine at a pressure of about 10 cm. 
of Hg, and excited by an alternating potential, at a 
frequency of 50 c/a, decreased when the vessel was 
exposed to external visible light. 	If the irradiat- 
ing source was removed, the value of the current was 
restored to its previous value. This differs 
fundamentally from Pennings observations in that it 
was observed with a range of irradiation frequencies 
which were quite different from the resonance frequenc 
for the particular gas. 
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1.5 	This reduction in discharge current on 
exposure to visible light was later observed in gases 
other than chlorine, such as oxygen, nitrogen, air, 
hydrogen; 	also in vapours of other halogens like 
bromine and iodine and in mercury vapour. 	It has 
been studied for various values of applied potential, 
gas pressure, intensity, frequency of irradiating 
sources etc., and the following are the principal 
conclusions reached: 
1.5.1 	(1) When Va,  the potential applied to the 
discharge tube is less than Vb, the breakdown 
potential, the discharge current increases due to 
the action of external light. [Such an increase 
in the discharge current due to light is denoted, 
henceforth, throughout the following text as (+ AL )j 
When the applied potential is more than the breakdown 
potential, the discharge current decreases on exposure 
to external irradiation, [Such a decrease in the 
discharge current due to light is denoted, henceforth, 
throughout the following text as (-. AL ).] 	As 
Va/Vb, the ratio of the applied potential to the 
breakdown potential is gradually increased, the 
magnitude of the decrease in current, (_AL ), 
increases, reaches a maximum and then begins to 
I 
 decrease. 	In some cases, at large values of Va, a 
small increase in (- AL ) is again observed. [Prasad 
& Jam (1947), Mohanty & Kariath (1948a), Rao & Sharma 
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summarising the above described de:endence of ( 	) 
On Va is shwri in Fig. 1(A). 
1.5.2 	(2) 	In the case of a,c. discharges, 
the magnitude of the reduction in current, on exposure 
to visible light, decreases with increase in the 
frequency of the applied alternating potential. 
[Mciianty (1949a) and Rao & Sharma (1949).] 	A 
typical nlanner of this behaviour is shown graphically 
in Fig. 1(B). 
1.5.3 	(3) 	The magnitude of the reduction in 
current on exposure to light, is found to increase with 
p, the pressure of the gas inside the discharge tube. 
It reaches a maximum value and then falls with a further 
increase in pressure. 	[Joit & Deo (1944a), Mohanty 
(1949b) and Vishwanathan (1949),] 	The critical 
pressure at which the maximum effect of light is 
observed in a particular case, depends upon the 
nature of the gas and the geometry of the discharge 
tube. 	In Fig. 1(C) is illustrated this behaviour 
of (L) with respect to p. 
1.5.4 	(4) The magnitude of the diminution in 
current is also observed to be dependent upon "ageing", 
i.e. upon the time for which a discharge is allowed 
to run, before the observations are taken. 
[ Ma1likarjunappa (1948), Deahmukh & tiar (1949b) 
and Mohanty (1951).] 	The general mature of this 
influence is as shown in Fig. 1 (D). 
1.5.5 	(5) 	The observed effect of the variation 
in the intensity of the irradiating source on (-LL ) 
is as shown in Fig. 1(E). The magnitude or the 
effect first increases with intensity and then 
reaches a saturation value. [Joshi & Deo (1943), 
Mohanty & Kamath (1948b) and Rao & Sharma (1949).] 
1.5.6 	(6) 	When one uses different 'iave1engf1is 
for the external irradiation, the effect appears to 
decrease with wavelength as is shown by a typical 
example in Fig. 1(F). 	[Deo (1944), Joshi & Deo 
(1944a) and Mohanty & Kamath (1948b).] 	Canac et al 
(1950) have recently reported a similar effect using 
extremely short wve1engths. 
1.6 	Most of the previous work, which is summarised  
above, has been done with discharges excited by an 
alternating potential difference and although 
attempts have been made to advance explanations to 
account for the observations, several points of dispute 
arise when a unification to form a theory is pursued. 
This is, perhaps, partly due to the fact that the 
theory of the a.c, discharges is not fully developed 
because of a lack of accurate measurements of the 
fundamental parameters of a discharge, which are often 
complicated by alternating potentials. 	Thus, 
although numerous measurements have been reported, 
since their relation to the known parameters of the 
discharge was, in most cases, indirect, the available 
information has not been adequate in many respects. 
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1,7 	The present work was, therefore, initiated 
with a view to make experimental observtions under 
simple conditions found in a d.c. discharge. Use 
can then be made of the better formulated theories of 
d.c, discharges for elucidating the primary processes 
responsible for the observed effect of light. 	Some 
of the methods employed for measurements are original 
and are not known to have been use in any previous 
work on the subject. The better knowledge about 
the various processes that could be expected in 
simpler conditions of d.c, discharges was thought to 
be a definite advantage. Further with the more direct 
way of investigation inside the discharge by a probe, 
more specific significance could be attached to the 
observations as well as the inferences derived there-
from. It was also hoped that a comparison of those 
with the already known facts might be useful to test 
the validity of explanations reLting to the cases 
of a.c. discharges. 
1.8 	In an electrical discharge through a 
the magnitude of the discharge current is determined 
by the number of charged particles arriving at the 
electrodes per unit time. This we can write as: 
j 	neX  
where 	j. 	is the discharge cu;rent 
n 	is the number of charged particles 
carrying a charge e, 
9.. 
is the mobility 
and X 	is the externally applied field under 
which the charged particles are 
moving. 
The sign, sigma () denotes the summation of 
all the individual contributions by the different 
kinds of charged particles, namely electrons, 
positive ions and negative ions. 	If a change in L 
occurs, it could be expected to be associated with 
a change in one or all the parameters of the right 
hand side of equabion (1.8.1). 	The external 
irradiation by visible light has obviously no effect 
on the values of either e or X. once the discharge 
is struck. 	Therefore, a change in 1. should be 
referable to either a change in n or k or both. 
1.9 Change in n: 
The field distribution and the ion and electron 
concentrations are different in different regions 
of the discharge tube. The magnitude of the 
effect of external irradiation by visible light could, 
therefore, be expected to vary in these different 
regions of the discharge. Agashe (1951) has shown 
that the maximum effect is observed in those portions 
of the discharge tube where the glow of the positive 
column appears. The positive column contains ions, 
both positive and negative, and electrons, Because 
of the lighter mass and hence greater velocity of the 
electrons, the current in the positive column of a 
- 10 
discharge is mainly due to the motion of electrons. 
A decrease in the discharge current on exposure of the 
positive column of the •iischarge to external visible 
light could, therefore, mean a decrease in n, the 
number of free electrons. 
1.9.1 	Thomson & Thomson (1933, p.  374) has given the 
various causes for the loss of electrons in the 
positive column. 	They are: (a) Recombination 
of electrons with positive ions to form neutral 
molecules or atoms, (b) side-diffusion of the electrons 
to the walls cf the discharge tube and (o) loss of 
electrons by way of their attachment to form 
negative ions. 	The possibility of a modification 
in these processes, responsible for loss of electrons 
by the action of external irradiation could be 
examined in further detail: 
1.9.2 	(a) 	The process of recombirbtion of positive' 
and negative particles is known to be almost negligibi 
in the case of glow discharges. Compton et al (1924) 
have reported that the luminosity of the positive 
column results from the process of readjustment within 
the atoms or from partial ionization only. Thus 
any appreciable increase in the loss of electrons due 
to more recombination under light, seems to be very 
improbable. 
1.9.3 	(b) 	The rate of side-diffusion of electrons 
is related to the temperature of the gas and any 
change in the diffusion rate would manifest itself 
- 11 
with a corresponding change in the temperature of the 
gas. 	The intensity of the source of the external 
irradiation is far too low to warrant any significant 
rise in the temperature. Minute changes in pressure, 
observed under irradiation, are also too sudden to be 
attributed to a change in the temperature of the body 
of the gas. Agashe(1952)]. 
1.9.4 	(c) 	In the -,)oA tive column of a gs disTharge, 
electrons could also be lost by their attachment to 
neutral partiolne, to form negative ions. 	This 
attachment depends upon the 'electron affinityt of the 
particular gas. 	Thomson (1916), Massey & Smith (1936) 
and Smyth (1931) have studied the equation of attach-
ment of electrons to neutral molecules. The main 
three influencing factors are (i) the nature of the 
gas, (ii) the collisional frequency of electrons and 
(iii) the energy of electrons, 
1.9.4(a) 	(i) The nature of the gas: 	In the study 
of attachment in various gases, it was first found 
that electrons will not attach in helium, neon, 
nitrogen and hydrogen, if these gases are pure; while 
1 1 they will do so in oxygen, sulphur dioxide, chlorine 
and hydrochloric acid gas. More recent observations 
[ l3ranscomb & Fite (1954)] have experimentally 
established the identity of ngative ions 1rmed 
in hydrogen discharge also. The attachment of 
electrons to chlorine or hydrochloric acid gas 
molecules is believed to be preceded by their dis- 
- 12 - 
sociation into oC and CVor Ii and C- • Wahlin 
(1922) reports that, in general, electrorE attach 
more readily to dissociated fragments. It is to be 
noted that the influence of external irradiation by 
visible light is mostly observe:t in diatomic molecules 
like Hc. N2, 02,  Ct2, Br2, 12 etc. 	Hudson et al 
(1930) have said that when adsorped oxygen and water 
vapour came out to contaminate a tube filled with 
argon, negative ions were found to be formed readily. 
Deshmukh (1947), in his study of the effect of external 
visible light on different gases, gives their order, 
according to the amount of effect 	they show, under 
similar conditions, as H2 < N2 < Air < 02 and the 
electron affinity of these gases varies precisely 
in the same order. 
1.9.4 (b) 	(ii) The collisional frequency of electrons: 
This second factor influencing the attachment of 
electrons to neutral particles forming negative ions, 
obeys the gas-]çinetic laws. 	A change in this factor 
would naturally be associated with a corresponding 
change in the pressure or temperature of the gas. 
The plausibility of modification by external irrad-
iation is therefore similar to the one as discissed 
already in 1.9.3 
1,9.4 (c) 	(iii) The energy of electrons: 	The 
electron attachment is also governed by the average 
energy of electrons, which in turn depends on the 
distribution of electron energies in the body of the 
- 13 - 
gas. According to the laws deduced by Maxwell, 
which deal with the case known as the Maxwellian 
distribution of energies, the distribution function 
is given by (cited by Loeb (1947), p  6f3) 
2Nv'E 	—E/1T 
NLE= (TT)/2-(kT) / . 	cE  
where NjE is the number of particles out of a total 
of N, which have the energies between E and 
(E+dE) 
and 	kT represents the kinetic energy of the particle. 
The average distance, d, which an electron moves 
in a field X, before attaching to a neutral molecule 
is 
kyiXb 	-------(1.9,2) 	I  
where n is the average number of impacts With gas 
molecules before an electron can attach 
ke is the electron mobility 
and t is the time an electron spends between impacts,  
1.9.5 	Thus the probability of attachment of 
electrons to neutral molecules depends upon X/p. 
From their exp:rimnents for the determination of the 
probability of attachment of electrons as a function 
of X/p, for various gases, Bloch & Bradbury (193F) 
have plotted a relation between the average electron 
energy and the variation of the probability of 
*The quantity ± may be evaluated from the ratio of 
the mean free path to the velocity of agitation (L/ö) 
which is related to ke, by the Townsend's e uation 
0.815• 	( L 
'e 
- 
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attachment. 	This curve is reproduced in Pig. 2(A). 
From the results published by Mohanty & Karnath (1948b) 
giving the dependence of the percentage effect of 
external light on V5 and p,  a curve is drawn, as 
shown in Fig. 2(B), for the variation of percentage 
effect with X/p. It is seen that these two curves 
are quite similar in nature. 
1.9.6 	All this evidence, therefore, strongly 
suggests that the change in the Oischarge current due 
to external visible irradiation is likely to be due to 
a change in n, the number of free electrons in 
the body of gas. This change in 	n Is probably 
due to the loss of electrons mainly because of their 
attachment to neutral molecules to form negative ions. 
1.10 	Change in k: 
The right hand side of o.uatIon (1.8.1) contains 
another factor, with which the influence of external 
light could be associated. This is the mobility 
term k 	Such a possibility of a chan)e In the 
mobility of charged particles has been discussed by 
Agashe (1952). By following a method similar to the 
one by Chattock (1899 and 1909) in which simultaneous 
measurements of the changes In the discharge current 
and In the pressure of the gas were made, he concludes 
The percent light effect (denoted cisc in figs 1(A) 
and 1(D) ) is calculated as follows. If, the oreinel 
discharge current (in dark) L], reduces to iL. on 
exposure to light s the net effect Is L- LL( -&), 
and the percentage effect is [(La - L)/ LJD  ]X 100 ( 	.AL ). 
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that there is a reduction in the average mobility 
of charged particles. According to Langevin's theory 
of mobility 
(M) 	- - - - (1110.1) 
where M is the mass of the charged particle. 
Therefore, a reduction in the average mobility under 
external irradiation could man an increase in the 
average mass of the charged particles. This may 
happen when more ions are formed by external 
irradiation. The electrons moving under the 
influence of the applied external field can brihg 
about ionization in two ways. They can produce 
positive ions by knocking out the electrons from 
neutral molecules with the energy acquired by their 
velocities, or they can attach to neutral molecules 
to form negative ions. 
1.10.1 	For formation of a greater number of pos- 
itive ions by electron impact under external light, 
the electrons should acquire additional energy for 
increased ionization by collision or some extra 
electrons of sufficient energy of ionization should 
be present under external irradiation by visible 
light. 	A greater number of ngativs ions, on the 
other hand, could be formed under light if the factors 
responsible for their attachment to neutral molecules 
are influenced by the external light, as discussed 
earlier. 
1.10.2 	Since the frequency of the visible light 
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used for external irradiation is quite different 
from the resonance frequency of the gas, any mech-
anism by which the electrons could acquire additional 
energy from the external light to form more positive 
ions, cannot be conceived. Formation of negative 
ions, therefore, appears to be reasonably responsible. 
Whether the external light favours the attachment 
of only the available electrons or more electrons 
are given out by some kind of photoelectric action 
which attach to neutral molecules forming negative 
ions, iIthe question to which the available literature 
on the subject, seems to provide no satisfactory 
answer. 
1,11 	The present investigation was, therefore, 
planned to obtain direct evidence of establishing the 
process of formation of the negative ions. Mass 
spectrometric analysis was considered, but the 
designing and setting up of such suitable experiments 
(as discussed later in 4.1.2. 	), specially for thesG 
observations, based on rather a speculative theory, 
was not possible within the available conditions 
and resources. 	In spite of its 1mitationS, the 
Langrnuir method of investigations by a probe was, 
therefore, adopted, because of its simplicity of 
instrumentation. 
1.12 	The previous experimental data on the subject 
using a.c, discharges has been, in many cases, 
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supplemented by the study of the high-frequency 
oscillations generated by the discharge. [Joshi. 
(1944b) and Harries & Engel (1951).] 	High 
frequency oscillations have also been previously 
observed by many workers in the case of d.c. 
discharges. [Appleton & West (1923), Tonks & 
Langmuir (192), Cobine & Gallagher (1947 a and b) 
and trmstrong, Eielus & Neill (1951).] 	Since 
these oscillations are associated with the movements 
and concentrations of charged particles in the 
discharge, this technique was also employed in the 
present study to get additional information which 
may corroborate the probe measurements. 
CHAPTER II. 
THEORETICAL SURVEY OF THE PHYSICS OF THE 
GLOW DISCHARGES. 
2.1 	The expression 'Electrical Discharge' for 
a flow of electricity in a gas was probably derived 
from early experiments of Co1oinb wherein he showed 
that a charged electroscope is caused to'discharge' 
by a certain process. 	Later, during his invest- 
igations about low pressure discharges, Faraday 
introduced a term 'glow discharge', to distinguish 
it from the other two main types of continuous 
discharges, namely 'dark discharge' and van are 
discharge'. Following the discovery of X-rays .by 
Rôntgen in 1895 and of the electron by J. J. Thomson 
in 1896, a detailed quantitative work was initiated 
for the study, of the mechanism of gas discharges where 
the electrical, optical and the associated chemical 
properties of the discharge are expressed in terms 
of atomic data like charge, mass, mean free path, 
dielectric constant, gas pressure, temperature etc. 
and sometimes the geometry of the discharge vessel. 
2.2 AVERAGE PROCESSES: The mechsnism of the 
discharge is governed by certain average processes, 
among which are: 
(1) The mobilities of charged particles which 
are related to the applied electrical field. 
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The energy distribution or the variation 
in energy among the number of particle population 
in a discharge, and 
The first and second Townsend Coefficients 
( oi. and I ) for the ionization of the gas and for 
production of secondary electrons. 
The role of the first two processes, in the 
present study, has already been discussed earlier 
in 1.10 and 1.9.4(c) respectively. 	The mechanism 
of the two Townsend Coefficients is closely related 
to the individual processes occurring in a discharge, 
and is discussed in detail below. 
2.3 INDIVIDUAL PROCESSES: Of all the individual 
processes associated with a glow discharge, ionization 
is the most vital one for the self-maintenance of 
the discharge. 	This mechanism of production of new 
electrons is associated to the process of ionization 
by collision. At any point in the body of the 
discharge, electrons, ions and neutral gas particles 
- both in excited and ground state - are simultaneously 
present. 	Each of them is, therefore, responsible for 
the process of ionization. 
2.4 Ionization by electron collision: 	Electrons, 
while moving under the applied field, can have three 
types of collisions. (a) elastic collisions, 
(b) exciting collisions and (c) ionizing collisions. 
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energy of electrons (Kin.). 
FIG. 3. 
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is, thus, the sum of all these three different types. 
The relative percentage of these processes in the case 
of H 2 is shown in Fig. 3 as is given by Penning 
(1938). 
2,4,1 	(a) Elastic Collisions: 	When electrons 
are moving in a swarm of gas molecules, depending 
upon the value of the mean free path, which in turn 
is governed by the pressure of the ges, they suffer 
collisions with gas molecules. 	For all energies 
below excitation or ionization potentials, such 
collisions are known as elastic collisions wherein 
the energy of the electron remains substantially 
unchanged. This follows from the fact that since the  
mass of the gas molecule is large compared with 
that of an electron, the energy loss, as required 
by the laws of conservetion of energy and momentum, 
is insignificant. From the electrical point of 
such collisions are, therefore, of little importance. 
2.4.2 	(b) Excitation Collisions: 	The process 
of excitation collision can be denoted by 
A± e—I+ e 
where A is the normal atom, e the electron and 
the excited atom. 	The probability of excitation, 
wnich is the ratio of the cross-section of excitation 
to the kinetic theory cross-section, depends on the 
electron velocity. 	It is zero at the excitation 
potential and rises to a maximum value lying 
generally between 0.001 and 0.1 at a small voltage 
above the exciting potential. 	Thereafter, it is 
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known to fall gradually. In the case of hydrogen, 
the relative probability of excitation collision Is 
33.5 for the incident electrons of an energy of 100 eV 
and rises to a value of 45,3 for 1000 eV electrons, 
The Ionization and excitation cross-sections for 
various transitions of hydrogen are given in Appendix P. 
2.4.3 	(c) Ionizing Collision: 	This type of 
collision is denoted symbolically by 
where Ais the positive ion of gas A. 	The cross- 
section of ionization is egain zero at the ionizing 
potential, increases to a maxivium and then slowly 
begins to decrease. 	In the case of atomic hydrogen 
the maximum cross-section for ionization is about 
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275.2.x 10 	cm for electron energy of 1.12 eV, while 
the corresponding figure for molecular hydrogen is 
t.ol x 10 6 cmt for electron energy of 70 eV. 	The 
probability of ionization, which is dependent on the 
electron energy has a maximum value generally greater 
than the corresponding quantity in excitation. 
2.5 	Ionization by positive ion collisions: 	When 
electrons collide with neutral gas particles in a 
discharge, they form positive ions, which are drawn 
towards the clectrodea, under the action of the 
externally applied electric field. 	These positive 
ions themselves can sometimes cause further Ionization 
by impact. The mean free path of positive ions Is 
4./2- times that of electrons and hence their total 
collision cross-section Is correspondingly higher. 
As a result of this higher frequency of collision, 
together with their greater mass, the positive 
ions can only acquire en'rgies much less in comparison 
to the electron energies. This reduces the chances of 
further ionizing collisions of positive ions with 
neutral gas molecules to a rarity. 
2.5.1 	Positive ions can suffer another type 
of change in their energies by recombination In which 
the liberated energy can appear either as a kinetic 
energy of a three-body collision or as an emission 
of a quantum of radiation. 
2.5.1(a) 	The walls of the discharge vessel are very 
efficient in favouring the three-body collisions. 
Hence, in conditions where the mean free path of 
positive ions are comparable in magnitude to the 
dlmenaions of the discharge vessel, this process is 
believed to be important. Most of the previous work 
on the study of the effect of external visible light 
on glow discharges had been done with alternating 
potentials using ozonizers for discharge vessels. 
The discarge was, therefore, confined in annular 
spaces of small widths and the importance of the 
dependence of wall processes on the observation can, 
therefore, he readily realised. 
2.5.1(b) 	In the radiative recombination process, 
there can te an emission of radiation of any wavelength 
up to a maximum wave number. This can symbolically 
be written as 
A±e-A+h,. 
or 	I3-AB-hv. 
where e is an electron and B7 is a negative ion. 
The emitted wavelength may be very short to have its 
own after-effects as mentioned ister in 2.6. 	In 
the process of recombination, an electron can combine 
with its parent ion or with another positive ion. 
The former has been termed by Loeb (1947, p.  87) as 
'preferential recombination' and the latter as 'volum 
recombination'. Quantitative experimental work on 
radiative electron-ion recombination is rare and henc 
the relative importance of the above two processes 
of positive ion annihilation, which in a particular 
glow discharge depends upon the nature and the 
geometry of the gas column between the two electrodes, 
is difficult to assess*  
2.6 	Radiation may also be produced inside a 
discharge by the return of excited atoms to lower or 
ground states, i.e. 
This radiation may be of a sufficiently short wave 
length to ionize those impurities in the gas, which 
have lower excitation and ionization potentials. 
Alternatively, this radiation can have a photo-electric 
action on the cathode to produce secondary electrons. 
In the present study, most of the impurities in hydro- 
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FIG -4. 
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gen as given in 3.34, except oxygen, had ionizing 
potentials higher than that of hydrogen (vide 
Appendix C). 
2.7 	Another individual process in a discharge, 
which is of particular interest when stud/ing the 
effect of external irradiation, is photo-excitation 
or photo ionization. 
A ± h' 
orA+ h, -+ A+e 
The first, i.es excitation by a photon is an unlikely 
proces3, unless the T,hoton energy is close in value 
to the excitation potential. 	The discharge vessels 
used in the present study were made of pyrex glass, 
which has a out-off value for transmission at a wave-
length of about 2500 x 10-8  cm, as shown in Fig. 4. 
The series of lins spectra of atomic hydrogen are 
also shown at tho bottom of this figure on the same 
scale of wavelengths. 	The most part of the maximum 
intensity of the continuous spectrum of molecular 
hydrogen, which falls at a wavelength of about 
2600 x 10 em, lies out side the relative transmission 
curve for pyrex glass. 	The latter process-of photo 
ionization, which is the converse of electron-ion 
recorabination, is doubtless similar in character to 
photo-electric effect and such phenomena as the 
exciting of H/F currents in conductors by electric 
waves and the polarization of dielectric media, when 
I 	 -25.. 
traversed by electric waves. Massey, (1950) gives 
an absorption cross-section for H. at the spectral 
limit, of 0,6 x 	17 cm 
2.8 	In the general ionization process, metastable 
atoms play an important role. In a metastable state 
the valency electron of an atom moves in an orbit, 
whose energy is greater than that of the normal orbit, 
but a reversion from this orbit to the normal with 
an emission of radiation is forbidden by the selection 
principles. The length of time for which the ntom 
persists in a metastable state will presumably be longer 
than for the ordinary excited state, for the ordinary 
state is terminated by the emission of a quantum of 
radiation, a process which is usually determined by 
the internal mechanics of the atom. The energy of 
the metastable state, however, cannot escape from the 
atom without the co-opration of some external agent. 
The life-time of a metastable atom is, therefore, 
sually greater than that of a normal excited state, 
by a factor of about eight. Moreover, the eleotricall 
neutral state of the metastable atoms enable them to 
penetrate in different remote regions of the discharge. 
2.8.1 	Metastable atoms may gain an additomsl 
energy by collision, which would first raise them to 
a normal excited state, and then allow them to return 
to the ground state by emission of a quantum of rad-
iation. When an electron of mass in collides with 
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another particle of mass M. the frictional 1088 in 
its energy is 2.66(in/M). 	In the case of Hydrogen 
the mass ratio of an hydrogen atom to an electron 
has a value = 1837.5. Hence, the additional energy 
which a metastable atom could gain in its collision 
with an electron is only 0.001447. 
2.8.2 	A metastable atom can ultimately diffuse 
to the cathode and if sufficiently energetic, it can 
produce secondary electrons. 	However, If there are 
Impurities present in the gas, which have energies of 
ionization less than that of the metastable atoms, the 
metastable states of the atoms are destroyed much 
sooner before they have any chance of falling on the 
cathode and producing secondary electrons. 	The 
variation in the voltage-current characteristic of 
glow discharges,when irradiated by fresonancel 
frequencies, is also due to the metastable atoms presen 
in a discharge. 	Irradiation by strongly absorbed 
radiation diminishes the concentration of metastable 
atoms, removing them as sources of secondary ionization. 
By using filters for absorbing lines in the case of 
Helium, Meissner & Miller (1952) have proved that 
observed effect was explicable by considering the 
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CHAPTER III 
THE APPf'RATUS AND EXPERIMRNTAL ARA!4G7MENTS. 
3.1 	The experiments were carried out with two 
different vacuum systems, A and B which are shown 
schematically in Figs. 5 and 6. The experiments 
in the case of discharges in air were carried out on 
the vacuum system A. shown in Fig. 5; and it was 
originally intended to carry out the experiments with 11  
hydrogen also with the same system. 	Howev"r, as 
discussed later in 3.2.6, the latter half of the 
experiments with hydrogen were subsequently performed 
using the vacuum system B as shown in Fig. 6. 	Tbis 
second system was essentially the same in nature rs th 
first one, with an additional advantage of obtaining 
a better purity of the gas. 
3.2 	VACUUM SYTER A: 	This vacuum system, shown 
schematically in Fig. 5, was made entirely in Pyrex 
glass. 	The main horizontal manifold of this system, 
carrying two stop-cocks It and 'b', was connected at 
one end to a "Metrovac 	rotary vacuum pump of the 
type SR2, which also incorporated a phosphorus 
pentoxide trap, beyond stop-cock 'b', in addition to 
the one shown near the discharge tube In Fig. 5. 	At 
the other end of the manifold was an oIl-manometer. 
The discharge tube was joined to the manifold 
between the oil-manometer and the stop-cock 	via 
Metropolitan Vickers Co. Ltd., (Manchester, 	gland) 
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a phosphorus pentoxide trap. The stop-cock 	could 
isolate the discharge tube from-the entire vacuum 
system. 	Two other side-tubes, joined to the manifold 
between the stop-cocks 'a' and 'b', were connected 
to a mercury manometer and to another drying trap of, 
calcium chloride. 
3.2.1 	The Oil-manometer. 	The oil-manometer 
used on the system was made of a Pyrex U-tube with 
a single large spherical bulb in between the lirib 
and the manifold, to prevent any accidental rise of the 
oil into the manifold, With the stop-cock 'c1, the 
left-hand limb could be isolated from the right-hand 
limb, which was always in contact with the manifold. 
"Apiezonoil B" was used as a fluid for the manometer. 
The vapour pressure of this oil is lOmm.Hg. at room 
temperature. The specific gravity of Apiezon oil B 
was 0.868 at 200 C. 	With the value of the specific 
gravity of mercury at the same temperature as 13.5458, 
the magnification ratio was found to be 15.61. Thus 
a difference of 15.61 mm, between the levels of the 
oil in the two limbs of the manometer would Indicate 
a difference of pressure of 1 mm. of mercury. From 
some preliminary experiments for the calibration of 
the bore of the manometer limbs, it was found that the 
central parts of the two limbs, which would be used 
for the pressure measuiements were identical in bore t 
better than one per cent, 	The manometer-as, therefore, 
Shell Chemicals (London) Ltd. Sole Agents: W 
Edwards and Co. (London) Ltd. 
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used by reading the difference between the oil level 
in the left-hand limb only, from its zero position. 
1 
A scale was made of "Perspex" to read the pressures 
directly in mme of mercury. 	On this scale, a length 
of about 155 mm, was engraved with equal divisions, 
(having longer strokes to distinguish every fifth 
and tenth division) such that every 39 millimeters 
of its length were subdivided into 50 equal divisions. 
Each of this engraved division on the scale, which 
was now equal to 0.78 mm, was used to read a pressure 
difference equal to 0.1 mm. of mercury. 	Since the 
actual magnification ratio (as given earlier) was 
15.61, the exact half-ratio, for use when reading one 
limb only, wold be 0.7805 instead of 0.7800. 	This 
introduces an error of [i - (0.78/O.7805)] 0.00064 
mm. per mm of mercury in the measurements of the gas 
pressure. 	With the help of a. magnifying glass of a 
focal length of about 60 mm, to read the oil-level 
inside the limbs of the manometer, an accuracy of 0.05 
mm. of mercury could be obtained in the pressure 
measurements made on the manometer. 
3.2.2 	The Mercury Manometer: This was an all- 
glass "Edwards" Vacustat which is a miniature McLood 
gauge. The range of the instrument for pressure 
Regd. Trade name of I.C.I. Industries Ltd. (land) 
*Regd. Trade mark of W. Edwards and Co. (London) Ltd. 
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measurement was 0 10 mm. of mercury. It was 
mounted on a B12 ground-gla-s cone, attached to the 
manifold. 	This gauge was used only in the preliminary 
stages of the experiment, mainly to measure the 
absolute degree of ultimate vacuum attainable on 
the system and to get an idea of the pressure of the 
gas, generated by electrolysis, which could he stored 
in the calcium chloride trap. (see 3.2.4). 	In order 
to eliminate mercury vapour contaminations, while 
making final observations, the Vacustat was taken out 
of the ground-glass core and a blind B12 male glass 
cone was substituted instead. 
3,2,3 	The Drying Traps: 	Both the traps, one 
containing phosphorus pentoxide and the other calcium 
chloride, used for drying the gas, were made from 
flat-bottom Pyrex bottles with ground-glass cone 
joints, as shown in Fig. 5. With this arrangement, 
the drying agents could be renewed as frequently 
as necessary. 
3.2.4 	The Gas-generating system: When this 
vacuum system was first designed and assembled, it 
was intended to carry out the exp'riments with hydro-
gen also on the same set-up. For this purpose, an 
apparatus as made (as shown on the right-hand-side of 
Fig. 5) for reparing hydrogen 	electrolysis. 	A 
Pyrex U-tube, in which two platinum electrodes were 
sealed near the U-bond, was connected by a short 
length of rubber tubing to a reservoir, which could 
be raised or lowered in height. The end cf one of the 
two arms of the U-tube was open while the other was 
connected to a calcium chloride trap via two stop- 
cocks tet and 'f'. 	Hydrogen was generated by 
electrolysis of 1/15 normal solution of Barium Hydroxid 
[Ba(OH)?] placed in the U-tube. 	The electrode in 
the left arm which carried the stop-cock 'f was made 
positive. 
The procedure of generating and storing the gas 
was as follows: When the manifold of the sytem was 
open to the atmosphere, both the stor000ks 'e' and 'f' 
were opened and the reservoir carrying the barium 
hydroxide solution was raised until all the air between 
the stop-coca 'f and the level of the solution in the 
left-arm of the U-tube was expelled into the manifold. 
The stopcock 'f' was then closed and the manifold., 
together with the calcium chloride trap, was evacuated. 
The degree of vacuum attained could be measured with 
the Vacustat. There was a second phosphorus pentoxide 
trap 	between the stop-cock 'b' and the rotary pump, 
as mentioned earlier in 3.2, to remove all water vapour. 
The out-gassing of tne system was carried out by a 
prolonged treatment of a H/F discharge at about O ko/s 
obtained from an "Edwards Tesvac", model Ti. 
While the system was being evacuated and outgassed, 
(with all the stop-cocks, except If,,  open) the barium 
hydroxide solution in the U-tube was electrolyset, by 
W. Edwards and Co. (London) Ltd. 
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applying a steady potential difference of nbout 20 
volts between the two nletinuii electrodes in the U-
tube , the electrode in the left-arm being made 
positive. 	On electrolysis, the barium hydroxide 
solution decomposed into hydrogen and oxygen. The 
oxygen evolved in the right-arm of the U-tube was 
allowed to escape into the atmosphere, while the hydrot 
gen cvoived in the left-arm of the U-tube was trapped 
over the falling level of the solution, below the 
stop-cock 'f'. When the level of the solution 
approached the electrode at the bottom, the electric 
current was stopped and by opening the stop-cock f 
the amount of generated hydrogen 'ac dniitted into 
the already evacuated and out-gassed calcium chloride 
trap. 	After raising the level of the solution in 
loft-arm uo the stop-cock 'f', by raising the 
reservoir, both the stop-cocks let and 'f were closed 
and the operation of electrolysis was repeated. 
In this manner, hydrogen could he generated and 
stored in the calcium cioride trap at a sufficient 
pressure. The pressure of the generated hydrogen, 
rioted by the Vacustat in the prelirinary trials, was 
related to the number of times the quantity of hydrogen 
occupying the volume of the left-arm of the U-tube 
was admitted into the calcium chloride trap. 	In the 
final measurements, when the Vacustat was substituted 
by a blind glass-cone to eliminate the mercury vapour 
contamination, the pressure of the available hydrogen 
_33.i. 
in the calcium chloride trap could he estimated from 
the count of the storing operations. 
3.2.5 	Since the generated hydrogen was initially 
collected over the solution, it contained much water 
vapour. 	It was, therefore, stored in the calcium 
chloride trap, usually overnight, with the three stop- 
On the 
cocks 1a', 'b' and let closed. / £ollowin morning, 
when it was admitted beyond the stop-cock 'a', it again 
passed through a fresh phosphorus pentoxide trap 
before entering the discharge tube via stop-cock 'd'. 
The pressure of the gas (either air or hydrogen) 
inside the discharge tube was measured with the oil-
manometer with an accuracy of about 0.05 nmo of 
mercury (see 3.2.1.). 
3.2,6 	The results for hydrogen, as described 
in cka*. iv, ere first obtained on this set-up, with 
hydrogen handled in this way. However, in measure-
ments with  higher pressures and currents, the 
discharge conditions were often unstable with 
indications of impurity, the water vapour being the 
principle suspect. Later the vacuum system B. 
which is shown in Fig. 60 became available, with 
which i:nproved conditions of purity could be obtained. 
The hydrogen measurements were subsequently repeated 
on tht system. 	The general results in both cases 
were identical and in a few oases w1re the purity 
stage of hydrogen could have any influence, the 
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observed variations are indicated in thn results. 
3.2.7 	The entire measurements for air, described 
in cho.Pt.%v,were obtained by using the vacuum system A 
(Fig. 5). 	In this case, the U-tube and the reservoir 
of the electrolysis apparatus were empty, and air was 
admitted into the system via stop-cock 'f'. 	As in 
the case of hydrogen, the air was also stored, first 
over calcium chloride, overnight, to remove water 
vapour and was later passed over fresh phosphorus 
I  pentoxide, before admission to the discharge tube. 
Thus the measurements represent the results in the case 
of dry air. The Vacustat was only used in the initial 
s;ages to measure the degree of evacuation and was 
removed from the system during actual measurements, 
in order to avoid contamination by mercury vapour. 
3113 	VACUUM SYST B: 	This second system, with 
which the experiments with h:drogen  were subsequently 
performed under conditions of better nurity, is shown 
[Kaufman (1954)]. 
schematically in Fig. 6.,4 The genra1 features of 
this system, which was also made of Pyrex glass, were 
similar to those of system A, shown in Fig. 5. 	The 
main distinguishing feature of the system B was the 
provision of a vapour pump in series with the rotary 
backing pump. The horizontal manifold of this system 
was connected at one end to the vacuum pumps and carried 
an oil-manometer at the other end, as shown in Fig. 6. 
The discharge tube was joined to the manifold near the 
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stop-cook 'F' via a stop-cock 'G', which could isolate 
the discharge tube from the entire system. 
3.3.1 	Backing _Pump: The rotary vacuum pump used 
for backing the vapour pump on this system was an 
"Edwards Speedivac u  type 1 SP 30, with an ultimate 
vacuum of 0.002 mm, of mercury. It was mounted on 
anti-vibration mountings fixed to the floor beside 
the trol±ey on which the rest of the vacuum system 
was assembled. 	A phosphorus pentoxide trap was pro- 
vided 	between this pump and the vapour pump. 
3.3.2 Vapour Pumps 	This was a Motrovac4 U 
single stage oil-diffusion pump, in which "Silicone 
oil D0703 " was used as a fluid, giving an ultimate 
vacuum of 10 6  mme of mercury. The pumping speed 
was estimated to be about 7 litres per second. 	In 
view of the small volume of the system and consequent 
short time of pumping, the silicone oil could be 
safely used without any cold trap. The vapour pump 
was water cooled during its operation. An half 
inch Edwards11 vacuum union", modified as described 
later in 33+, was hard soldered to the top flange 
of the vapour pump and this mated with the vertical 
glass tube attached to the bottom of the socket of 
the stop-cock 'F'. 
W. Ed ards and Cc. (London) Ltd. 
Metropolitan Vickers Co. Ltd. (Manchester, Eland) 
Dow Corning Corporation (Michigan, U.S.A.). Sole 
Distributors: W. Edwards and Co. (London) Ltd. 
II w. Eowards and Co. (London) Ltd. 
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3.3.3 	The oil-manometer: Unlike the oil- 
manometer on the system A. which had only one 
spherical bulb protecting both limbs and a single 
stop-cock to isolate only one lirib, the manometer 
on this system had a soprate spherical bulb pro- 
tecting each limb and had two stop-cocks 4 01 	d'E' 
which enabled the isolation of both of the limbs 
from the manifold, if necessary. 	This was 
particularly useful in reducing the desorption of 
the glass limbs, which was proportional to the total 
time for which the manometer limbs were evacuated. 
Thus all the pumping hours during preliminary trial 
experiments could be added up,since the complete 
manometer could be isolated by closing the stop-cock 
'E',whenever the manifold was opened to the atmosphere. 
It was estimated that when the final observations were 
made, the manometer had been subjected to about 250 
hours of pumping with the vapour pump. With such 
a prolonged pumping, together with periodic treat-
ments forout-gassing by the 20 ko/s-freauency-dis-
charge from a 'Tesvac", removed all the adsorbed gases 
from the manometer, although it could hot be baked, 
as the rest of the system, with an electrical heating 
tape. 
The fluid used in the manometer was also DC 703 
with a magnification ratio of 12.45 at 200C with 
respect to mercury. The scale made for this mano-
meter was, therefore, engraved in such a manner that 
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249 millimeters of its length were divided into 
400 equal divisions, each corresponding to 0.1 mm, 
of mercury. Since the maximum difference in the 
bore of the two limbs of this manometer as found 
to be about 3.5 per cent - as against one per cent 
in the ease of the manometer on system A - the mano-
meter was used differentially by noting the 
difference between the oil levels in both the limbs 
in number of engraved divisions, and dividing it 
by 2 to obtain the pressure reading in tenths of 
millimeters of mercury. The scale of this mano-
meter was silvered at the back for anti-parallax 
purposes and using a magnifying glass of about 60 
mm, focal length to read the oil levels, the 
pressure measurements could he made with an accuracy 
of 0,05 mm, of mercury. The manometer was found 
quite sensitive in indicating the difference between 
the degrees of ultimate vacuum obtained with only 
the rotary pump and that obtained with the rotary 
and vapour pump operating together. 
3.3,4 	The Gas Supply System: 	Since this system 
had provisions to obtain better conditions of 
purity, a supply of spectroscopically pure hydrogen 
was used to obtain the desired gas pressure In the 
discharge tube, 	A lItre of 99.998% pure hydrogen 
was obtained In a Pyrex glass vessel from the 
British Oxygen Co. Ltd., and according to the data 
E 
2 	A -J 
oil 
ManOmeter-  








suei1ied by the manufacturers the urity of the gsa 
was estimated as follows: 
Hydrogen ... ... 999980 v.p.rn. 
Nitrogen ... ... 	12 v.p.m. 
Oxygen 	... 	... 3 v.p.m. 
Carbon Monoxide ,.. 	3 v.p.ni. 
Carbon dioxide 	•.. 2 v.p.m. 
The vertical neck of this gas-bottle was provided 
with a special seal-breaking device as described 
in detail in Appendix B. The neck of the gas-bottle 
was then joined, via the stop-cook 	to another 
short manifold having two more stop-cocks 'B' and 'C' 
at its ends, which opened into the main manifold. 
Before breaking the seal of the gas bottle, its neck, 
together with the entire seal breaking device, as 
well as the short manifold between the stop-cocks 'B' 
and 'C' was thoroughly evacuated with the vapour 
pump over a long period and at the same time the 
glass was baked using the heating tape. 	In Fig, 7 
is shown a photograph of this part of the vacuum 
system, taken during the baking operation. The 
stop-cocks were protected from excessive heat by 
coiling apolythene tube around them (as shown in the 
photograph), through which cold water was circulated. 
Out of the two stop-cocks 'B' and 'C', 'B' was 
of a large bare, permitting the fast pumping of the 
neck of the gas-bottle and of the short manifold BC. 
After evacuation and thorzuh out-gassing, the stop- 
The abbreviation v.p.mt represents unit volie 
per million unit volumes, i.e., 1 v.p.m. = 1.0001%. 
- 39 - 
cock 10' was closed and remained closed thereafter. 
Before breaking the seal of the gas bottle, the stop-
cocks 'A' and tBI were also closed, and after 
breaking the seal, the gas was first admitted to 
the short manifold BC by opening the stop-cock 'A' 
and then further into the main manifold via stop-conk 
'B', which had a solid key with an L-shaped fine 
capillary bore for slow leaking. 
3.3.5 	Deaorption of Glass: 	All the parts of 
the vacuum system, which were made of Pyrex glass, 
were d.,-sorbed by heating with an 11.ectro_thermal± 
,t 
heating tape type 201, except the stop-cocks 
and the oil-manometer which was out-gassed by a 
"Tesvac" as described earlier in 3.3.3. 	Different 
sections of the system were wrapped, part by part, 
with the heating tape, over which two layers of 
fibre glass '.ere lagged to reduce radiation losses. 
Measurments with an iron-constantan thermocouple, 
placed in contact with the glass below the heating 
tape, indicated that for glass tubes between 10 
and 30 mm in diameter, a baking temperature of 
about 30000 can be obtained after 15 to 20 minutes. 
During the baking operation, the greased stop-cocks 
were protected from oxamssive heat by a water cool-
ing system using a polythene tube as shown in Fig. 7. 
All the stop-cocks were greased with "ApieZOn" 
-10 
grease L, having a vapour pressure of 10 	• 
tf ier,uPy at room t enm er ature. 
ictro Thermal Enginering (London) Ltd. 
0 1  
FIG. 8. 
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3.4 	THE DISCHARGE TIBE: 	The discharge tube, 
used for measurements with both hydrogen and air, 
is shown schematically in Fig. 8. 	It was desired 
to make the probe measurements in different regions 
of the glow discharge, and for this purpose a fixed 
probe was used, with respect ,to which the discharge 
column of the gas was moved by changing the position 
of thr,  two electrodes placed on either side of the 
probe. 
3.4.1 	The Main Discharge Section: 	The central 
section between the two brass couplings (see Fig. 8), 
which was 417 mm. in length, constituted the main 
vessel, in which the glow discharge was confined. 
It was made of Pyrex glass tube with a circular 
cross-section of an inside diameter of 20 mm, 	The 
thickness of the w1l was about 1.0 mm. 	At a dis- 
tance of 45 mm. from one end, a T-Joint was made, 
forming an exhaust, at which the tube was joined to 
the main manifold via the stop-cocks 'd' and Gt 
of the two vacuum systems A and 13 respectively. 
(see Figs, 5 and 6). 
3.4.2 	The Probe: 	Theprobe was sealed into the 
wall of the main discharge section, at a distance of 
230 mm. from the exhaust tube, as shown in Fig. 8. 
It was made from a tungsten wire, 0.2 nm. In diameter. 
In order to make a good vacuum seal, in Pyrex glass, 
it Is necessary to remove the oxide coating from 
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the surface of the tungsten. 	Such a cleaning of the 
probe ire surface was effected by electrolysis in s 
20% solution of sodium hydroxide. [Partridge (1949) 
p. 36.] 	A copper plate was used as the cathode, a 
Sboi't i;ance in front of a loop of tungsten wire 
serving ca the anode. It was found from trials that 
best cleaning could be achicved by passing a strong 
direct current of about 4 amperes through the solution 
for a short time of about 80 seconds. 
Before making a seal, the metal has also to he 
outgassed. The normal method of heating in a flame 
could not be used because of the very fine diameter 
of the wire. The outgassing was therefore done by 
placing short pieces of the cleaned tungsten wire 
in a silica glass tube, which was hrated red hot by 
two Bunsen burners for one hour. 	During the heating, 
the silica tube was joined to the vacuum system and was 
continuously evacuated in order to prevent oxidation 
of the cleaned surface and also to induce the desorption 
of the metal. 
After the pieces of the tungsten wire were cooled 
in vacuum to the room temperature, they were taken, 
one by one, out of the silica tube and were immediately 
sealed in beads of C9 glass, near one of their ends. 
These seals were later annealed in an electrical oven 
over a period of eight hours. A scrutiny of the 
finished seals under a microscope, revealed that.two 
seals out of five had been obtained which ere free 
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from any gas bubbles around the portions of the wires 
in the glass beads end which exhibited the obaracter-
istic golden-brown colour of a good tungsten seal. 
One of these pieces was used as a probe. 	Because 
of the electrolytic cleaning, the diameter of the 
tungsten wire was reduced from its nominal value of 
0.2 mm, and the actual diameter of the finished probe 
was measured under a travelling microscope as 0.12 mm. 
The short end of the wire beyond the glass bead was 
also cut under the microscope, leaving a length of the 
exposed part of the probe exactly equal to 5 mm. A 
small hole was made in the wall of the Pyrex glass 
discharge tube, and the probe was assembled in place 
by fusing the C9 glass bead to Pyrex. When in 
position, the probe wire was radial to the circular 
cross-section of the discharge tube, with its tip at 
the centre. 
3.4.3 	The .ectrodes: 	The glow-discharge in 
the tube was obtained using two circular plane 
electrodes on either side of the probe. 	In all the 
earlier experiments for the study of the light effect 
on a.c, discharges (as summarised in 1.5), the role 
played by the walls of the discharge vessel in influenc-
ing the mechanism of the discharge had been stressed. 
A special geometry was, therefore, used for the 
electrodes in the present study. Out of the two disc 
electrodes made from an aluminium sheet of 1/16 inch 
thickness, the one nearer the probe, which was used 
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as the anode, ws split concentrically into a central 
disc and an outer annular ring (see Fig. 8). Indiv-
idual leads were provided to the two sections of the 
electrode; consequently, the part of the total current 
carried by each of them could be studied separately 
for the effects of external visible light. The two 
sections of the electrode were turned out on a precision 
lathe, exactly to the following dimensions: 
CENTRAL DISC: Outer Diameter 10.0 mm, 
OUTER RING: 	Outer Diameter 19.5 mm. 
Inner Diameter 13.4 mm. 
These dimensions were chosen so that the annular 
separation between the disc and the ring was of a 
reasonable width of 1.7 mm, and at the same time a 
round figure of 2 was obtained for the ratio of the 
area of the outer ring to the area of the central disc, 
The other electrode, used as the cathode, was 
a disc, in one piece,of a diameter of 19.5 mm, which 
was equal to the outside diameter of the ring of the 
anode. It was also out off a sheet of aluminium, 
1/16 inch thickness. 	Small brass contact-caps were 
attached to the back of the cathode as well as of the 
(Page 40). 
two sections of the anode as shown In Fig, 8, /. The 
other ends of these contact-caps were bored to fit 
over the projecting ends of two pelts of short tungsten 
rods, about a millimeter in diameter. These two 
pairs of tungsten rods ;ere sealed, one each, In the 
ends of two Pyrex glass hollow tubes, such that they 
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protruded about 7 mm. on either side of the seal 
These Pyrex tubes, which are marked as "Pyrex glass 
sliding electrode tubes", in Fig. 8, were 17 mm. in 
diameter, 300 mm,, in length and had wall thickness of 
about 1.5 mm, At one end, the sealed tungsten rods 
carried the brass-contact-caps, which were secured 
by tiny grub screws; and their other ends were spot 
welded to long pieces of braided copper wires, running 
along the inside of the Pyrex tubes. 	These two 
copper wires served as electrical leads via the brass 
contact-caps, jointly to the cathode through one 
sliding elctrode tubet and separately to the two 
sections of the anode through the other. These leads 
were electrically insulated from each other by Pyrex 
glass sleeves over their entire lengths. 	The rnovement 
of the sleeves inside the sliding eleotrodr tubes, 
which could cause a strain on the tungsten rod seals, 
was prevented by putting them through spacer-discs 
(see Fig. 8). 	These spacer-discs, which were a 
tight fit inside the sliding e1eotrode tubes, were 
turned out of a 1/16 inch thick sheet of "Paxolin", 
3.4,4 	The Couplings: 	The two sliding electrode 
tubes carr;4ng the anode and the cathode were hold 
in the main discharge tube by two brass couplings, 
f The purTose of providing two leads also through 
the other tube, which carrie' the single-piece electrode, 
was to enable the same electrode tube to be used for 
carring a filament. 	The res.lts in the case of hot- 


















- 45 - 
which maintained a vacuum-tight joint. 'Tach of these 
couplinzzi s was mad' by modifying a pair of "1wards 
* inch and 3/4 inch standard unions" as shown in 
detail in Fig. 9. 	In Fig. 9(a) is shown a sectional 
'drawing of the parts of the standard unions, without the 
knurled locking nuts. Three out of these four parts 
were modified by turning them on a lathe to remove 
some of their portions as indicated in the drawing (a). 
The modified parts of the 3/4 inch and inch unions were 
'required to have a close sliding fit over the main 
discharge section and the sliding electrode tube 
respectively. The middle two parts were then soldered 
together and the modified unions were assembled as 
shown in section in Fig. 9(b). The vacuum seal was 
maintained by two "elastomer'O rings" one stretched 
over the outside of the main discharge tube and the 
other over the outside of the sliding electrode tube. 
The original circular cross-section of these rings 
was squeezed into a triangular shape, by the looking 
nut, to press against parts of the brass unions on two 
sides and against the glass on the third. The locking 
nuts only needed a hand tightening. The '0' rings 
were used dry and with all the surfaces scrupulously 
cleaned free from grease and dirt, a perfect vacuum seal 
could be consistently obtained. Fig. $(o) shows the 
outside view of ark/assembled unit, 
With these couplings, both the cathode and the 
fw. Edwards and Qo,(London) Ltd, 
W. Edwards and Co. (London) Ltd. 
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anode could be easily moved inside the main discharge 
tube as required. It was also found that by slacken-
ing the locking nut on the inch union by half a turn, 
the sliding electrode Oi.id he pulled in slowly, by 
virtue of the difference 4f pressure between the out-
side and the inside of the discharge section. The 
rate of this movement could be controlled by adjust-
ing the slack on the locking nut. Movements as slow 
as a couple of millimeters within one hour were often 
possible. During the movements at such a slow rate, 
there was no indication of a loss of vacuum on the oil-
manometers, whose sensitivities were 0.05 rum, of 
mercury as given earlier in 3,2.1 and 	Such 
a movement of the electrodes was particularly useful 
in making fine adjustments of the inter-electrode 
distances to any exact value and also to avoid the 
hollow cethode effects on the discharge currents 
[Little (1953)1, arising from a slight sputtering 
of the electrodes. Usually the separation between 
the cathode and anode was kept initially more than the 
desired value and having run the discharge for some 
time, after there was no more sputtering, both the 
electrodes could be slightly pulled in to occupy new 
positions surrounded by clean glass-walls. The 
desired separtion was exactly obtained by controlling 
the movement as mentioned earlier. 
3.5 	ELECTRICAL EiJIPMENT: For the experiments 
with air, done on vacuum system A (Fig. 5)0 the high 
tension d.c s supD].y was obained from a 4kV voltage 
doubler circuit, whob 	 1 1r o 
ift 	bide f FI. 13- A "Cinte1" stabilised 
power pack Type 1892 was used for the high tension 
d.cs supply for experiments with hydrogen, conducted 
on the vacuum system B (Fig. 6). 	The applied voltage,  
was measured by two electrostatic voltmeters having 
ranges 300-50-1500 volts and 500-100-3000 volts. 
Details of other auxiliary circuits for electrical 
measurements are given in Chatter IV separately in 
each case, 
3,6 	SOURCE OF VISIBLE LIGHT FOR MCTIFFINALIRADIAT- 
LON; For the study of the effect of external 
visible light, the discharge tube was irradiated with 
white light from three "Edisan4" incandescent lamps 
rated at 100 watts each. These lamps, which had 
frosted glass bulbs, were mounted in a row inside 
a wooden box 3,58  x 6,5" x 18". The entire 
interior of the wooden box was covered with 1/16 inch 
white asbestos sheets, aq a protection against excess-
lye heat. A few 1/4 inch holes were also made in 
each face of the box for ventilation. The distance 
between the ceiLtres of two adjoining lamps was 120 nun. 
The discharge tube was irradiated by placing the lamp 
box beside it, with the line of the centres of the 
lamps parallel to the tube. 
iOinema Television (London) Ltd. 
* Edison Swan and Co. (London) Ltd. 
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3.6.1 	Earlier work rs,worknr with s.c. discharges, 
have reported a 1oaritLiic relation (see 1.5.5) 
between the effect on the current and the intensity 
of the light, as shown in Fig. 1(E). 	In the present 
study with d.ce discharges, the % effect of light 
(see footnote on page 14) on the current was very 
small and measurements of the relative changes with 
the variation of the intensity of the source over a 
11iited range (possible by varying the distance of the 
lamp-box from the discharge tube) were difficult to be 
made with sufficient accuracy. 	Due to lack of space, 
large variations in the distance of the lamp-box from 
the discharge tube were not possible. A method of 
controlling the intensity by using polaroids was tried 
as an alternative. However, it was found to introduce, 
complications, as described in detail later in 4•3•8 , 
which were unfortunately inherent. 
No attempt was, therefore, made in the present 
study to vary the intensity of the irradiating source. 
All measurements were made with the line of the 
centres of the lamps 120 mm. away from the discharge 
tube. The intensity of the light falling on the 
discharge tube was estimated by using a photo- 
electric cell, which was calibrated against a 60 watt 
incandescent lamp, used as a subsidiary standard by 
virtue of a certificate of its performance from 
the Photometric Laboratory of Everett Edgeumbe and Co. 
(London) Ltd. The calculated value of the intensity 
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falling on the discharge tube 	11•27 lumens per 
cm2, and was found to be fairly constant over the 
entire length of the discharge tube. The continuous 
emission spectrum of one of the incandescent lamps 




Section I: Measurements with a Probe. 
4,1,1 	As mentioned earlier in 1.5, the effect 
~ of visible light on low pressure discharges had been 
previously studied extensively in the case of a.c. 
dischrges. 	However, a survey of the available 
literature on the subject at once reveals that although 
it had been studied for different conditions of the 
auxiliary parameters like the type of gas, its pressure 
the frequency and the intensity of irradiating light 
etc, the only measurements made were those of the 
discharge current. Since the discharges were excited 
with alternating potentials, various types of detectors 
had Indeed been used, and sometiies a search had also 
been made to detect frequencies other than that of 
the applied potential. These changes of instrument-
ation, however, did not, in any way, influence the 
relation of the measured parameter (vhich had been 
essentially the discharge current, 1-. ) to the fundamenta 
processes of the ctischarge, which themselves are 
complicated for alternating potentials. 
4.1.2 	The main attention of this study was 
directed towards making direct measurements of the 
concentrations of charged particles. 	As discussed 
a 
earlier in 1.10,possibi1ity of an increase In the 
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average mass of the charged particles could be 
inferred as a consequence of the observed reduction 
in the average mobility of the charged particles. 
A mass-spectrographic study should be helpful for suc 
an analysis. The influencing factor is the inherent 
resolving power of the instrument, since the 
mobility is inversely proportional to the square root 
of the mass (see equation 1.10.1). 	The use of a con- 
ventional magnetic mass-spectrometer is further 
limited by the bulkiness of the apparatus; and 
because of the inevitable long path length of ions 
in the rnalyser of such an instrument, the difficulties  
of screening the dis&iarge tube from the magnetic 
field make it impossible to obtain the required 
sensitivity. 	For studying the effect of light, it 
would also be imperat1v), for irradiation, to keep 
the discharge tube out of any shielding. 
The technique of a radio-freuency mass spectro-
meter probe, recently developed by Boyd (1950b), 
appeared promising from this point of view, but could 
not be adapted to the present study because of the 
1 
1imitatiorof the available faci3ties. 	An ordinary 
Langrauir probe, as described earlier in 3.4.2, was, 
therefore, used in these investigations. 
4.1.3 	The Theory of Using a Probe: 	By studying 
the current-voltage characteristic of a small probe 
inserted in a gas discharge, Lrngmuir & £YiottSmith 
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to derive the knowledge about the energies of the 
charged particles (usually expressed in terms of the 
electron "temperature" Te , and/or ion "temperature" 
Tj ), the densities of the electrons and the positive 
ions and about the plasma potential. 
4.1.3(a) 	A detailed discussion of the limitations 
in the use of a ample Langmuir probe is given by 
Loeb (1947, pp. 251-256)0 which need not be quoted 
here again. The primary requisite of having the 
effective resistance of the probe large compared to 
the medium surrounding it, was achieved by making 
the measurements in the plasma of the discharge, whore 
high ionic concentrations are expected. The validity 
of the assumption of a Maxwe1iin distribution for 
linearity of the 
energies, is indicated by th 	ope of tne obtained semilogarithmic 
V-i characteristic of the probe, as shown in Fig. 10. 
4.1.3(b) 	When using probes for investigating 
inside a discharge, the pressure of the gas should 
have 	a value suehthat the mean free path of 
electrons is large compared with the diameter of the 
probe. From the experimental determinations by 
Pownseild & Tlzard (1913) of the electronic mean free 
path in air at a pressure of 1.0 mm. of mercury, the 
mini ium value obtained is 0.271 ram. within the range 
of 0.5 < p < 100. 	The corresonding value for 
hydrogen is 	mr.i, [Townsend & Bailey (191)] 
The diameter of the probe used in the present study 
which was 0.12 nun, as given earlier in 3.4.2, nas, 
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thus, less than the minirium possible values for the 
electronic mean free path in both air and hydrogen. 
4,1.4 	As discussed earlier in 1.99 it appeared 
that the reduction in the discharge current, on 
exposure to visible light was probably due to a 
reduction in the number of charged particles. Further, 
this loss was thought to be mainly due to the 
attachment of electrons to form negation ions. (see 
1.9.6). 
4.1.5 	When a probe is at large negative potential 
with respect to the surrounding gas, it receives only 
the positive ions, but at higher potentials (algebra-
ically) it begins to collect progressively more and 
more electrons and i1so negative ions, according to 
their velocities, Hence the current drawn by the 
probe, when it is above the "floating potential", is 
a compound measure of the contributiorhy the 
electrons and negative ions. 	It is, therefore, not 
possible to get arrindividual information about the 
amount of loss in the total number of electrons, and 
about the number of negative ions present, unless 
the probe is equipped with an auxiliary arid [Boyd 
(l95Oa) , which may effect a selection of ions by 
virtue of their higher masses and consequent lower 
velocities. Attempt was, therefore, only made 
in the present study, to measure the saturation 
positive-ion current to the probe. The probe was 
FIG. II. 
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exposed to the contral half of the discharge column 
(see 3.4.2). 	Since the curves, as shown in Fig. 10, 
indicated a marked saturation of the positive-ion 
current, the positive-ion densities could he cal-
culated [Guthrie & akerling (1949, 1, 14)1 by means 
of the expression 
L4=0.40N (2KT 0 14M + ) T A 
where L+  is the positive-ion currant in ions per see., 
L the density of positive ions, M + the mass of the 
oitive ion, A the area of the probe, T. is the 
electron temperature and K Ioltzmann's constant. 
The quantity KT0 was evaluated from the slope of the 
linear function of the potent.L1 of the probe to the 
logarithm of the current flowing to the probe. 
4.1.6 	The probe current was measured, as shown in 
Fig. 11, by a CarniDridgeTSpot '-a1vanometer having a 
sensitivity of 6 x 10-9 amperes per deflection of one 
mm. 	By using a hand-math) ner vernier ever the 
of the galvanometer scale, the deflections were 
estimated to a quarter of a mm. A commutator with 
different fixed resistances was provided for shunting 
the galvanometer to a series of higher ranges. As 
shown in Tables 1-Vill on the following pages, the 
saturation positive ion current to the probe was 
found to diminish on exposure to external visible liit. 
f Cambridge Instrument Co. (England) Ltd. 
- 55 - 
4.1.7 	The positive column of a discharge is 
known to have a uniform field, and when a large 
I concentration of negative ions is built up, an equal 
concentration of positive ions at each point is 
required to maintain the equilibrium. Some times 
the negative ions set up regions of negative space 
charge when suitable conditions for formation of 
striations could be built up. In 	case, the 
probe measurements were, therefore, made once with the 
probe enveloped with the glow of a striation, and 
secondly with the probe at the centre of the dark 
region in between two adjacent striations. These are 
indicated in tables II to IV and VI to -VIII. 	In 
the cases of tabiss I and V. whore the pressure was 
the lowest, stable striations were not obtained, 
4.1.8 	The measurements with the probe, were corrob- 
orated with the measurement of the discharge current in 
a special manner. 	As mentioned earlier in 3.4.3, a 
split-electrode geometry was used, to measure the 
discharge current in parts. Because of their small 
mass and hence large random motion, the space dis-
tribution of the electrons in a plasma can usually 
be described by a Boltzmann relation, involving, an 
	
electron temp.rature ETonks & Langmuir (1°°b) • 	The 
massive positive ions tend, however, to move uni-
directionally along th lines of force, and a very 
similar behaviour of negative ions could also be 
reasonably exoected. In the oositive column the axis 
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is positive relative to the walls, so the negative 
ions would tend to concentrate along the axis. As 
a result, most of the contribution to the discharge 
current by negative ions could be expected in the 
part collected by the central disc of the anode, 
while the part collected by the outer ring would be 
mostly electronic. The effect of visible light was 
found confined only to the current collected by the 
outer-ring which showed a decrease on irradiation, 
as given in tables I to VIII. 
4.1.9 	The light effect had been studied in the 
case of a.cs discharges, under different conditions 
of six patameters, as mentioned earlier in 1.5.1 
to 1.5.6. 	Out of these, a variation in the fre- 
quency of the applied potential es not applicable 
to the present study in d.c. discharges. For 
reasons mentioned earlier in 3.6.1, the intensity of 
the Irradiating source was kept constant throughout 
the present study. 	It was also not possible to 
study the effect of different frequencis for 
Irradiation, since the intensity of the filtered 
light was not sufficient to make accurate measure- 
rnents. 	In the case of hydrogen, the observations 
were not influenced by any "ageing " effect, but 
in the case of air, slight variations occurred at two 
higher pressures, which are indicated in tables III 
and IV. The effects of varying the applied pot-
ential and the Dressure of the gas were investigated 
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in the present study. 
4.1.10 	For each of the two gases, air and hydrogen, 
the measurements were made at four different pressures, 
with four different values of applied potential for 
each pressure. These results are given on the 
following pages as tables I to IV in the case of air 
and as tables V to VIII in the case of hydrogen. 
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TABLE I 
Measurement of the saturation current to a Negative 
Probe and of the discharge current b a silit anode, 
1nadischare in Air at _essurep=i.5 mm. Hg. 
A110DE CURRENT ANODE CURRENT SATURATION 	- 
ON ON CUR 	1T TO A 
CENTRAL DISC OUTER RING NJflATIVE PROBE (-+) 
D LL LD 	LL - in 	under Dark Light 
- MA MA - YAA MA mA  L) 	,ciJA 
0.25 0,25 1.050 	1.038 0.012 1.14 	4.65 	4.55 
0.40 0.40 1.580 1.561 0.019 1.20 6.85 6.80 
0.50 0.50 2.020 1.99.4 0.026 1.30% 8,80 8.65 
0.60 0.60 2.350 2.313 0.037 1,50% 10,2 10.05 
17 
= 	(4 ('n wvnS) )c 5.o x 	;o.s/3 
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TABLE Ii 
Measurement of the saturation current to a Negative 
Probe, and of the discharge current by a split anode, 
in a discharge in Air at a pressure pl.5G  mm. Hg. 
ANODE CURNT ANODE CUR1 1T 'iATL1,11AT! nN CURTETT 
ON ON TO FtNEGATIVE PROBE (L) 
CEITRAL 	DISC OUTER RIND Probe 	in Probe in 
Striation Dark space 
in 	under in 	under 
L 	—A Dark Light Dark Light 
Lilt 
A 	 / 
MA 	 I.T 	' -7 	-7 A ,t ,oA 
-7 	-7 
IV x 1 A 
	
0.30 0.30 	1,190 1.1730.017 1.42% 	5.15 5.09 4.85:4.82 
0,40 0.40 1,670 1.643 0.027 1.62% 	7,25 7.15 6.93 6.92 
0.50 0.50 	2.100 2.064 0.036 1.72% 	,10 8,95 8.50 8,50 
0.65 0.65 	2.510 2.465 0.045 1.80% 	10.9 10.4 10.0 9.80 
'7 
N 	
cvm)s) )c 	 0S/C.m . 3  + 	 5.352 X 10 I  
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TABLE III 
Measurement of the saturation current to a Negtive 
Prober and of the discharge current by a split anode 
in a discharge in Air at apr?ssure p 1,36 mm. Hg. 
ANODFi CURRENT I 	ANODE CURRENT 	: SATURATION CURRENT 
ON 	 ON 	 TO A NEGATIVE PROBE (ç) 
CENTRAL DISC 	 OUTER RING 
Probe in Probe In 
Striation Dark space 
1 
in !under , in under 
	
L 	D 	L 	
7o(-)---- 
Dark Light Dark Light 
m 	 A 	 x 	A x io' A 	A xiZ A 
30,35 .0.38 	 .5.835.75 5.47 5.47 
5.61 5v45 	- 
4- 	 - 
0.45 0.45 1,770 1.738 0.0321,81% 7.70 7.55 7.21 7.21 
7,61 7.0 7.15 7.15 
0.55 0,55 2.170 2.126 0.044 2,03% 9.45 9.23 8,77 8,76 
9.40 9.11 	-- 	-- 
0.65 0.65 	2.501 0.059 2430% 11,2 10.9 10.2 10.1 
The probe current values in the second line, in each row, were 
obtained after running the discharge for an hour, indicating 
the influence of 'ageing' 
+ - 	 m4s) x 5 qq x 10 N - L1 
— 6]. — 
- TABLE IV 
Measurement of the saturation current to a Negative 
Probe, and of the discharge current by a split anode, 
in a discharge in air at a prosz3ure t 2.12 mm, Hg. 
ANODE CUFRT ANDE CURRENT SATURATION CURRENT 
ON ON TO A NEGATIVE PROBE (+) 
CENTRAL 	DISC OUTER RING 
Probe 	in Probe 	in 
_Striation Dark space 
• • in 	under in 	under 
L LL 	- Dark Light Dark Light 
mA 	mA 	mA MA 	'mA 	%( '"°7 A 	x7 XA 	XJA 
0.40O.40 1.5001.4730.O27 1,80% 	6.526.30 6 4 12 6.12 
6,2 6.90 6.02 6,01 
0.50 0.50 1.900 1,860 0,040 2.10% 	8.25 8.10 7.72 7,71 
8.05 7,82 7.647,62 
0.0 0,60 2.290 2.237 0.053 2.32% 	10.0 9170 9.30 9130 
9.84 9.50 9.30 9,28 
0.70 0.70 2,680 2.612 0,068 2,53% 	11,7 11.2 10.6 10,6 
11.5 11.0 10.6 10.6 
The probe-current values in the second line, in each row, were 
obtained after running the discharge for an hour, ind1'c9 
'7 
+h 	14Mei)CQ. 	oj. 	 L4. 	oii'Ps) x S. 9L46 X 10 'os /c.mi3 
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TABLE V 
Measurements of the saturation current to a negative 
Probe, and of the discharge current by a split anode ma 
discharge in hydrogen at a pressure p =1.25 mm. of Hg 
ANODE CURFcET 	ANODE CURRIT 	 SATURATION 
ON 	 ON 	 CURRPNT TO A 
C1TRAL DISC. 	 OUTMI RING 	 NEGATIVE PROBE 	.) 
in under 
o7(40 dark Light 
mA mA 	mA 	mA 'mA 	 A xi7A 
0.30 0.30 1,250 1.241 0.009 0.74% 22.6 20.7 
0.45 0.45 1.820 1.806 0.014 0.77% 30,3 30.1 
0.60 0.60 2.350 2.331 0.019 0.81% 39.1 38.8 
0,70 0.70 2.800 2.775 0.025 0.89% 46.6 46.3 
16 
N 	L+ (i ams) x 9.107 X 10 ios/,3. 
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TABLE VI 
Measurements of the saturation current to a negative 
probe, and of the discharge current by a split anode in a 
DISCHARGE IN HYDROGEN at a pressure _p= 1,8 mm. of Hg. 
ANODE CURRENT 	ANODE CURRENT 
ON 	 ON 
CENTRAL DISC 	OUTER RING 
D L D LL 
nil mA mA: MA 'p" 
SATURATION CURRENT 
_TO A NEGATIVE PROBE (.+) 
Probe in Probe in 
Striation Dark space 
in under in under 
Dark Light Dark L1ht 
sio A ),W A 	510 A xso 
0,40 0.40 1.620 1,605 0,0150,94% 27,0 26,8 25,5 25,4 
0.50 0.50 2,140 2,118 0,022 1.05% 35.5 35.3 33.4 33.4 
0.60 0.60 2.570 2.542 0.028 1.o% 42.9 42.4 39.7 39.7 
0.75 0.75 3.050 3.013 0.037 1.22% 50.6 50.2 45.6 45.5 
(M" wvijs) x I045 x 10 ios 
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TABLE VII 
Measurement of the saturation current to a negative 
-robe, ad of the di iiage u.rrent by a spilt anode in a 
discharge in hydrogen at aJ2res;ure p =2.5 rnni, of H 
ANODE CURRENT 	ANODE CURRENT 	SATURATION CURRENT 
ON 	 ON 	 TO .4 NEGATIVE-PROPE-) 
CENTRAL DISC 	OUTER RING  
In Probe in 
Striation Dark space 
in under in under 
—A'. 	- Drk Light Dark Light 
mA 	in4 	mA 	mA 	 IV it ,ei'A xCoA v'A 
mA 
0.45 0.45 	1.670 1.654 0.016 0.96% 27.8 27.5 26.0 25.7 
0.55 00 55 2,160 2,17 0,0231,065%  36,0 35.5 33.5 33.1 
0.70 0.70 2.640 2.60? 0.033 1.25% 44.3 43.6 40,6 40.6 
0,0 0180 3.120 3.076 0,044 1.41% 52.1 51,4 46.5 46.4 
+ 
N 	= 	L1. ( 	 X I157 X 1017 jO4S fc'rn3. 
0. 
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TABLE VIII 
Measurement of the saturation current to a negative 
probe, and of the d1schre urreut by a split anode in 
discharge in hydrogen at a pressure p= 2.85 mm. of Hg. 
ANODE CURRENT I 	ANODE CURRENT 	SATURATION CURRENT 
ON 	 ON 	 TO A NEGATIVE PROBE (Li.) 
CENTRAL DISC 	OUT.E RING 
Probe in Probe in 
Striation Dark space 
n under! in under 
D 	1 	D 	L 	- 	-76 C- 	Dark Light Dark Light 
Wk MA MAI M-A mA Xio 	xA YiW A iTA 
0.50 0.50 1.800 1,782 0.018 1,00% 	30.0 29.7 28.0 28.0 
0.60 	0.60 	2,280 2.253 0,027 1,1 	.39.2 37.3 35.5 35.4 
42.6 40.8 40.6 40.5 
0.70 0.70 	2.760 2.722 0.038 1.3e% 	45.9 45.3 42.0 42.0 
51,5 50.9 4.1 48.0 
	
0.85 0.85 $.240 3.118 0.052 1.60% 	54.2 53.1 48.4 48.4 
31,2 59.4 	-- 
The probe current value in the second line, in the last three 
rows were obtained in experiments with h,rdrogen on vacuum 
syetsn A, and which differed from rest of values obtained 
on vacuum sycitaffl B, under bettor conditions of purity, 8 EjE  
L t C im 0.14s) x I•176 x 10 '  iOmS/c.m3. 
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SECTION II: 	MEASUREMTS OF THE NOISE. 
4.2.1 	It has be'n known for years that glow dis- 
charges, with both hot and cold cathodes and also ex-
cited by either a steady potential or an alternating 
potential, spontaneously generate high frequency 
oscillations, 	Appleton & West (1923) were the first 
to study the ionic oscillations in striated glow 
discharges, which they found with both hot and cold 
cathodes. The observed frequencies which were pro-
portional to the anode voltage and to the pressure, 
within a range of 0.005 to 0.25 nm, of mercury, hr-id 
values between 3. to 100 kc/s, 	The oheervationsof 
Eckart & Compton (1924) in the case of hot cathode 
arcs are believed to be of brief surges rather than of 
oscillations. 	Ne'man (1924) studied the oscillations 
of the relaxation type. 
Pardue & Webb (198) found oscillations at 
frequencies between 20 to 150 kc/s in hot cathode glow 
discharges, which were independent of the external 
circuit constants. The values decreased as the gas 
pressure increased from 0,03 to 0.09 mm, of mercury, 
and they increased with the anode voltage. These are 
thought to be plasma-ion oscillations of Tonics & Lang-
Muir. 
Tonics & Langmuir (1929)developed a theory of the 
oscillations in ionized gases, to account for their 
of 
observations of H/F oscillations of the ordrJ10OO Me/S. 
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These they termea p].aema electronic oscillt1ons, s 
hundreds of 
against those having lower fre uenciea of a 
which are called plasma ionic oscillations, 
Kniepkamp (1936) has reported oscillations of 
still lc,wer frequ-ncies - below 1.5 kc/a - for press- 
urea between 0.5 to 5 mmo of mercury. These again 
were found not due to relaxation hut were character- 
istic of the discharge. 
Besides these distinct oscillations, the gas 
discharge tubes also generate a random noise, which 
together 
is often pr esentAwith  the distinct frequnci a. 
4.2.2 	ms expression relating the frequency 
with the concentrations of charged partic1s, as given 
CL 
by Tonks & Langmuir (1929 p. 197) is 
=ne2/run in the case of electrons 
	
( 	', . . . .4  
2. 	o 
V,=Ne'/yrM 	In the ccse of ions. 
N and n are the densities of ions and e1rctrons, M and 
m their respective masses and 	V end Ve. the 
frequencies of the plasma-ionic and the plasma-electron-
ic oscillations. 
Substituting values of a, 	m and 	M for 
electrons, hydrogen and air ions, in e.uations 
4.2.1 and 4..2, we get 
electron = 898On 
('') 	 = 200 41T 




V2. (v)12 = {1i7.B Hg 
N 2_ 
()air 389 air 
It is, thus, seen that from the measurement 
of the frequency of oscillations, a knowledge of the 
densities of the charged particles could be obtained. 
Attempt was, therefore, made in the present study to 
detect the H/F oscillations that may be given out by 
the discharge, while making probe masrements as 
described earlier in 4.1.6 and 4.1,7. 
4,2.3 	The search for the H/F oscillations Was -mad* 
within a range of 20-1000 Me/s with an intention of 
noting any changes withthe external irradiation 
which could be checked with the observed reruction of 
the electronic part of the discharged eurent, 
collected by the outer-ring of the split anode, as 
mentioned enrlier in 4.1.9. 
4.2.4 	Detection of signals: 	The signals emitted 
by the discharge were fed to the receiver by a method 
of external coupling as shown in Fig. 12. The dis-
charge tube was held transversely between two herni-
cylindrical pieces 'S' and 151, made of copper. 
These were attached to the ends of a pair of holow 
copper tubes IRI and 'R', having an outer diameter, d, 
of 6,35 mm, and separated by a distance, s, equal to 
33.5 mm. 	These two formed a parallel-conductor 
transmission line, which could be tuned to the receiver 
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by moving the short-circuiting bar 'P'. This bar 
carried a coupling loop 'L', the output from which was 
taken to the receiver via a co-axial line 'C'. 	The 
size of the loop was not critical and was fixed after 
a preliminary adjustment. This type of coupling had 
the advantage that any part of the discharge tube 
could be placed in between the coupling electrodes, 
in order to measure the output from different points 
on the axis of the discharge tube. 
Two receivers were used to measure the frequency 
of the signals. One (type TN-3A/APR-1) was from 
an ax-U.S. Navy equipment and had a range of 300-1000 
Me/a. The other was a product of t1a'itish Admiralty 
(Type R 1334/10Dfl79 ) and its ranges of frequencies 
were between 20-260 Me/a, with two gaps between 90-95 
Mo/s and 125-136 Mc/s. 
4.2.5 	Those two receivers were calibrated by 
Marconi standard signal generators. With the help 
of the internal thermistor bridge on the signal gn-
orator, the minimum detectable signal was found to be 
of the order of 10-10 watt, per c/a of band width of 
about 1 Me/s. This powe,distr1huted uniformly over 
the handwidth,would be equal to that received from a 
resistance at 6500 K. 
The m:9fl electron energy In the discharge was 
epeoted to be equivalent toe temperature many times 
this value, Indicating that a large mismatch Occurred 
between the coupling and the discharge column. The 
intensity of the oscillations in the discharge was, 
therefore, always greater by an unkno ... n factor than 
that available at the receiver input. 	This belief 
was substantiated by the fact that when the probe in 
the tube was used for a direct coupling,the signal 
at the input of the receiver was much stronger than 
when using the external coupling. Although the 
signal stren,th was higher for a direct coupling, 
the background noise was also found to be too strong. 
The external coupling, on the other hand, had th' 
advantage of some tuning and it was also .easier to loc-
ate it exactly at the particular point where the 
receiver was found to be most sensitive to the changes. 
Moreov'r, since the probe was used for meas,rments 
in the positive column at the same time, the external 
coupling was used for studying the oscillations. 
Another interesting point was oh served in using the 
pro be for a coupling. This probe was situated almost 
entirely in the central part of the current beam (see 
3.4.2), and in spite of a large signal, very little 
influence of externl light could be detected on the 
oscillations. 	On the other hand, t tube,wherecin 
the probe wat a very short distance from the wall 
of the tube, failed to give any signals being received 
by the probe. 
4. 06 	During the calibration of the receivers, it 
7l 
was also noted that depending on the IF bandwidth, 
the receiver gave resronses at a series of positions 
of its dial, for every signal of a particular fre-
quency, injected from the signal generator into the 
receiver. Thus if the discharge emitted simultaneous 
signals at a number of frequencies, the observed 
response of the receiver would be expected to be a 
combination of all the series of responses for each 
individual friquency* 
ifl order to distinguish betwan the individual 
frequencies of oscillations of the discharges, from 
the total number of responses obtained at the receiver, 
different signals from the signal generator were 
injected into the receiver, along with those fjo in the 
discharge tube. The heat notes obtained at various 
frequencies were noted, and the value of the individua] 
oscillations of the discharge could then be obtained 
by ref ering to the calibration curves of receiver 
responses against signal generator frequencies. 
4.2.7 	The output of the receiver could be displayed 
on a Cossor double beam oscilloscope (Type 1035). 
At each freuency of oscillations, the received signal 
appeared to be produced by a series of very narrow 
pulses at a repetition rate of a few kc/s. The time 
from the start to the peak of the pulse was about 2.0 
microseconds and the total pulse about 40 microseconds. 
The repetition rate of these pulses was found to vary 
with the discharge current but, because of their 
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random distribution over the beam of the oscilloscope, 
an estimate of the varistion could not be made. The 
td a]. width of the pulse appeared to be unaffected. 
The amplitude of these pulses, as seen on the 
oscilloscope could be calibrated, for different gains 
of the receiver, from the known level of the input 
signal generator, by using the thermistor bridge. 
The level of the intensity of oscillations from the- 
discharge tube was estimated from this calibration 
of the heights of the pulses as seen on the oscilloscope. 
4,2.8 	As mentioned earlier, a random electrical 	I  
'noise' was always present, along with the oscillation 
detect;ed at discrete frequencies. 	This noise was 
found distributed uniformly over the entire range 
investigated, except between 450-1000 Me/s, wherein 
it was found to reduce gradually to a minimum at about 
650 Me/s and to rise again thereafter. The amplitude 
of the noise was found to be independent of the 
tuning of the receiver, as well as the tuning of the 
Lecher-wire coupling. Any screen cage was not used, 
since the noise was found to te more characteristic of 
the discharge than of an external electrostatic origin. 
urther the discharge tube was reuired to be kept 
out of any shielding for irradiation by external 
visible light. 	In some cases, simple R-C filters 
were effective to reduce the spurious irit 
oscillations. 
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4.2.9 	by vcr, ing the r,osition of the coupling 
lectrodos along the tube, it was found that the 
nax1rnurn intensity could be obtained for the oscill-
ations, as estimated from the calibrated heights of the 
pulses displayed on the oscilloscope, when the 
oup].Ing hemi-cylinders were enveloping the cathode 
rk space. This conformed to the results of Cobine 
0"'b 
 
Gallagher (1947)and of Neill & Fraeleus (1951). 
ri fact, except for the highest pressures in the case 
f air and for the two higher pressures in the case of 
ydrogen, no oscillation could be picked up with the 
oupling anywhere else on the tube, than around the 
athode dark space. 
2,10 	Since a connection between the L/F oscill-
ations and the striations in the positive column Is 
indicated by some workers Loeb (1947, p. 573) 0  
L1abrum & Bigg (1952)1 , attempt was made to measure 
the low frequencies of oscillations of the striations. 
The Cossor oscilloscope, which had an auip1ifier with 
a nearly uniform response between ebout 50 c/s and 1 
Mc/s, and which was provided with time and voltage 
calibrating devices, as found to be a convenient 
detector for lower frequencies. A photo-multiplier 
(Type RCA 931), with a fine slit in front, was made 
to look at the edge of a striation and its output 
was displayed on the second beam of the oscilloscope. 
Oscillations, characteristic of the discharge were 
observed at a frequency of about 200 1cc/s. 	These 
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were distinct from random noise, and the frequency 
was dependent on the pressure and the discharge 
current. 
4.2.11 	Measurements of the frequencies and the 
intensities of the H/F oscillations of the discharge 
were made in the case of both hydrogen end air, with 
and without external irradiation, while those for the 
frequencies of oscillations of the striations were 
only made without irradiation. (Under irradiation 
the photomultiplier could not detect movements of 
striations). 	All these measurments rrere made along 
with the probeend discharge current measurements, as 
described in section 1 of this chpter, and hence 
the values of pressures and discharge current were 
the same as in tables I to VIII of section I. 
These results are given on the following pages in 
tables IX to XII in the case of air and tables XIII 
to XVI in the case of hydrogen. The general trend 
of results was a diminution in the intensity of the 
oscillations on exposure to light, as measured from 
the heights of the pulses, displayed on the ooillo- 
scope. 	In only a few cases a distinct change in the 
frequency of the oscillations was observed. 
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TABLE IX 
Measurements of the strengths add the frequencies of the 




/ey to the index nunfoers of the hor:ont..1 rou: (1) The 
freqency f oscillation in Me/s. (2) Theetimated ampli- 
tude of the signal as fed to the receiver ° 	was less 
by an unknown factor, from the expected ariplitude of the 
geierated signal in the discharge (see 4.2.5 ). (3) The 
frequency, at which the striations were seen to he osci-
latL-is In the positive column of the discharge by a photo-
nu1tiplier in (Kc/), 
Total 	I  
Discharge 	in under in under in under in under 
Current Dark Light Dark Light- Dtrk Light Dark Light 
in Dark. 
(1) 24 24 42 42 169 160 451 451 
130 MA 
	
	(2) 3,2 2.8 3.8 5.9 	0.4 0.4 18.3 16.5 
(3) 238 
(1) 24 24 42 42 131 131 451 453. 
1.98 MA 	(2) 3.1 2.8 6,0 5.2 
	7.6 6.1 18.0 16.3 
(3)238 
24 24 42 42 131 131 451 451 
2.52 mA 	(2) 2.9 2.6 5.8 5.1 	6.9 5.6 17.8 15.9 
238.2 
.95 MA (1) 24 24 	42 42 	131 131 451 451 
() 2.4 2.0 5.6 4.9 6.9 5.5 17.2 15.1 
238.2 
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TABLE X 
Measurements of the strength and the frequencies of the 
$F oscillations from a discharge in air at a pressure of 
J6 
For key to the index numbers of the horizontal rows, ee 
Table IX on p.75. 
Total 	
I 
Diacharge 	in under in tinder in under in under 
Current Dark Light Dark Light Dark Light Dark Light 
_______________________________________________ 	 - ----------- 	 ------.______4• -------- 	- 
(1) 24 24 42 42 169 169 453. 45 ]. 
1.49 m 	(2) 1.9 1.3 	5.2 5.0 	8.3 7.9 1.8 14.9 
(3) 24]. 
(3.) 24 24 42 42 169 168 451 451 
20 07 ra 	(2) 0.8 0.5 	4,8 4.1 	8.3 7.8 16,3 14.1 
(3) 24]. 
(I) -- -- 42 42 169 168 451 451 
2.60 MA 	(2) -- 	-- 	3.9 3,2 	7.8 6.9 15,7 13.2 
(3) 24]. 
(1) -- -- 42 42 169 167 451 451 




Measurements of the strength and the freqencies of the 
HIP oscillations from a discharge in air at  pressure of 
xir, H, 
For key to the index numbers of the horizontal rows, se' 
Table IX on p.75. 
Total 
Discare 	Ln imd.er in wiiQr in under 
Cu'rent Dark Litht Dark Light Dark Lht 
in Dark 
(1) 42 	42 	169 167 	451 	451 
1.69 zaA 	(2) 2.1.5 	C 	14,6 12.4 J. 
(3) 241.5 
(1) 3 -- I69 167 451 451 
2.22 mA 	(2) -- 	- 	5,3 4.6 	13,9 11.9 
($) 241.5 
(1) -- 	-- 	169 167 
	
451 4:51 




(13 -- 	-- 	169 167 	451 451 
3.21 mA 	(2) -- -- 	2,9 	2.2 	10.2 8.8 
(3) 242 
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TABLE XII 
Measurements of the strng anti the eienoies of the 
H/F cciUtions ft.- on a discharge in air at a pressure of 
p=2.12 nii. 1a. 
For key to the index numbers of tie oront&1 rows, se 
Table IX on p.75. 
Tptal 
DischargE) 	J.r. 	ul I-"' 	 in 	under 
0uTreat Dark Light IX- rI7Iiht 
in Dark  
(U 19 17 	451 451 
1.90 it 	(2) 	i9 	0.5 	9.'. 	8.? 
(3) 244 
451 451 
2.40 mi 	(2) 	 -- 	 -- 	 9.2 	7.8 
(3) 244 
(1) 	-- 	451 	451 
2.89 mA 	(2) 	-- 	-- 	8.3 7.3 
(3) 244.5 
(1) 31.2 31.0 451 451 
3.38 MA 	(2) 	1.7 	0.5 	7.7 	6.2 
(3) 244.5 
- 79 - 
TABLE XIII 
Measurements of the strength and the freqemcies of the 
/P oscillations from ediseharge in hydrogen at a pressure 
25mm._Hg. 
to the Index numbers of the horizontal rows; (1) the 
frequnc of oscfli;tion In Me/s, (2T) The estimated ampli- 
of the signal, as fed to the receiver X 107 watts. This 
was less by en unknown factor, from the expected ap1itude 
of the generated signal in the discharge (see 4.2.5 ). 
(3) T-he frequency in Kc/s, at whie~ the striations were 
sren to be oscillating in the positive colurnn of the discharge, 
by e photo-multiplier, 
Total 
Discharge 	in under in under in under in under 
Current Dark Light Dark Light Dark Light Dark Light 
in Dark, 
(1) 58 	57,.9 	3.1.8 	US 172 	17? 362 	362 
1,55 mA 	(2) 181E) 	18.1 	6.5 6.2 3.9 2.8 21 	19.9 
(3) 284 
(1) 58 57,5 118 118 172 17 	362 362 
2.27 mA 	(2) 18,4 17.9 5.2 4,7 	3,2 2,0 	18 17.3 
(3) 284 
(1W) 58 57.5 118 118 172 172 362 32 
2,95 	(2) 13,0 17,4 3,1 2.3 	1. 0 0.9 	17.6 17.0 
($) 2840 
(1) 58 58 118 118 -- 	 76? 3G2 
3.5 mA 	(2) 17,6 17,2 11,fa 0,9 	-- -- 	 17.1 16.5 
(3) 285.5 
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TABLE XIV_ 
Measurements of the strength and the frequencies of the 
LF oscillations from a dizcharcein hydrogen at a pressure  
1.8 mm. g, 
For a key to the index numbers of the horizontal rows, see 
Table XIII on p.?. 
Tot1 
I- 
.Oischar;'e in under in under in wider 
Current Dark Ltght Dark Light Dark Light 
in Da.k. 
 58 58 118 118 362 362 
2.0  17.2 16.6 0,5 0.1 16,4 15.7 
 286 
	
(1) 58 	58 	-- 	 362 	362 
2,64 nA 	(2) 16,7 	16.0 	-- -- 	16,0 14.9 
(3) 286 
(1) 58 	58 	-- -- 	362 362 
3.17 n 	(2) 16,1 	15.3 	-- 	-- 	15.3 14.0 
jr 	çQ 
(1) 58 58 -- - ?62 362 




Measurements of the strength and the frequencies of the 
H/osoilians from a dichae In )rdri.gen at fk pressure 
2 =.  5 	11g. 
For a key to the Index nuibers of the horizontal rows, see 




In under In under in under 
iniaiJc. 	Dark Light Dark Llrñt Dark W.  
(1) 58 58 -- -- 362 362 
2.12 nut 	(2) 14,6 	14,0 	-- 	-- 	13.9 	12,8 
(3) 237 
(Li U 58 -- •-- 362 362 
2,71 m 	(2) 1319 	13.1 	-- 	13.0 	12.1 
(3) 287 
(1) 58 58 -- -- 362 362 
3.34 riA 	(2) 13.1 	12,1 	-- 	- 	12.3 	11.3 
(3) 287 
(1) 58 58 210 210 362 362 
3,2 m&\ 	(2)  19,4 11.2 	 u.';' 	10.8 
(3) 287 
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TABLE XVI 
Measurements of the strength and the frequencies of the 
HtF oscillations fron a discharge in hydrnatapressure 
p 2.8 
For a key to the index rrunbers of the horizontal rows, see 
Table XIII on p•79•  
---- 	-r 
Total 
Discharge 	in under in under In under 
Gu.tent Dr Lit Dark Ltht ]rk Light 
in Da rk, 
(1) 58 58 	410 210 362 362 
2,30 zzA 	(2) 11,5 	10,2 	1,4 1.4 	11.0 10.1 
(3) 287 
(1) ói3 38 210 210 362 362 
2.8 mA 	(2) 10.7 9.0 	0.9 0.9 	18.0 9.4 
— 	 (3) 987.5 
(1) 58 58 	-- -- 362 362 
31  4G MA 	(2) 9.6 	841 	- 	 9.0 	8.6 
(3) 287.5 
(1) 58 58 -- -- 362 362 
4.09 mA 	(2) 8,9 	717 	- 	-- 	718 	7,3 
(-3) 287.5 
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SECTION III: STUDY OF THE TIME LAG, 
4.3.1 	Although the reduction of the discharge 
current on exposure to visible light appears to he 
instantaneous, a certain time-leg could he conceived 
for any process or processes responsible for the 
effect of visible light. 	An attempt was,therefore, 
made to obtain some information, if possible, about 
the processes involved, by studying the tiie-leg in 
the reduction of the discerge current, on exposure 
to visible light. 
4.3.2 	One of the ways to study the time-lag of the 
effect was to use a suitable type of shutter mechanism 
in front of the irradiating source. 	Since some 
preliminary experients designed to measure the time-
lag up to 10 see have failed to give any results, 
it was 	imperative that the shutter mechanism 
had to operate ir eferably within a time of 0.1 i sec. 
Any mechanical type of high-speed shutter, such es two 
contra-rotating discs,could ive an exposure to better 
than onesec, but had the disedvantage that,when 
operated in front of a lamp, it could not give pulses 
of light of enough intensity. A Kerr-cell combin-
ation was another possibility but due to the Rbsorptionl 
of light in the liquid of the cell., the transmitted 
litht is not intense enough to show any effect. 
4.3.3 	A Strohoflood lwp ras,therefore,chosen as a 
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source to give short intense pulses of light and the 
frequency of the pulses was controlled hyting a 
standard Strohof].ash 'unit to trigger the Stroboflood 
lamp. The arrangement was found quite convenient to 
obtain intense bursts of light (about ]. joule per 
flash) at a repetition rate that could be varied from 
10/sec. to 100/sec. The flesh duration was about 20 
sec. at half-peak intensity. 	The experimental set-up 
as shown schematically in Fig. 13. 	The lamp was 
kept in front d the discharge tube which was kept 
in dark. The discharge current was found to diminish 
on exposure to each irradiating flash and these pulses 
of the discharge current wore observed on a C.R.O. 
The light pulse was not perfectly square but had its 
own characteristic curve. Hence the behaviour of thi 
light pulse at various repetition frequencies had to 
be studied. These light pulses were observed on the 
second beam of the same C.R.O. by using a phOtoeleotri 
cell. A RCA 931 photomultiplier was found advantage-
ous since, being a very hard-type cell, it had a good 
response up to 10 7 sec. The cell was independently 
calibrated by using a rotating disc with a slit in 
front of a steady lamp. The square pulses of light 
up to 10 tLsec.width were seen to he 1thful1y 
recorded by the photomultiplier. 	In the actual 
experiments the light of the Stroboflood was too 
intense for a multiplier and the cell had to be 
rrotected bv using a very small (pin hole) aperture in 
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front of the photosenive cathode. The multiplier 
was kept in front of the same lamp used to irradiate 
the discharge tube and its output was fed to the 
second beam of the C.R,O. (see Fig. 13). 	These two 
pulses, one of the discharge current and the other 
of the irradiating flash were seen simultaneously 
on the C.R.O. as shown below in Fig. 14. 
Ft G.14 
Crrent 
4.3.4 	The current pulse,äs seen on the C.R.O., 
often exhibited some Dinging towards the trailing end 
(shown dotted in Fig. 14). 	This was mainly due to 
the fact that the two amplifiers operating the two 
beams of the C.R.O. had different sensitivities and 
very often the picture was not the same when the two 
pulses were interchanged on the two beams. The 
ringing was attributed to some spurious oscillations 
in one of these amplifiers. 	Since it was desirable 
to see exactly how the light and current pulses behave, 
it was necessary to eliminate this uncertainty of the 
amplifiers. This was achieved by dc'signing and wiring 
up two exactly identical amplifiers. The circuit 
diagram for these D.C. amplifiers is given in Fig. 16. 
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The total gain was about 50. The output could be 
obtained as either a positive or a negative pulse 
by coming out either off the cathode 	 or 
off the anode load. This was useful to reverse 
the picture of ,one of the two pulses seen on the 
C.R.O. for easy comparison. 	Tach amplifier has its 
own independent gain control. Both these amplifiers 
were wired-up point-to-point identical at each 
stage and were tested with a standard square pulse 
generator. The output pulse was undistorted up to 
once see. These two amplifiers were then made to 
replace tho'e on the score and the output of each 
vas fed directly to the y1 and y2 plates. The 
ringing effect onone of the two rulsea disappeared 
(as expected) with the use of the two new amplifiers. 
Shielding of the output cables was paid attention to, 
in order to avoid any stray pick-ups in the circuit. 
4.3.5 	The behaviour of the light and current pulses 
was now studied by changing the repetition frequency 
of the irradiating flashes. The following were the 
main points observed: 
I 4.3.5(a) 	LIGHT PULSE: (1) the light pulse did 
not exhibit a change in its shape. This was con-
sistent with the knowledge that the duration of the 
flash is characteristic of the power going in to the 
flash lamp and is independent of the repetition 
frequency, 
(2) The width of the pulse at half-peak 
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intensity was measured to be 29sec, at the repetition 
I frequency of-100/sec, 
(3) The amplitude of the light pulse 
which was proportional to the peak intensity of light 
emitted by the flash lamp, gradually fell with increase 
in the repetition frequency, suggesting that the light 
intensity of the lamp diminished gradually with 
higher repetition frequencies (see Fig. 19). 
4.3.5(b) 	CURRENT PULSE: (1) The amplitude 
the 
of the current pulse which was proportional toeffect 
of external light, first remained unchanged when the 
repetition frequency was changed from 10/see-to 50/see. 
but later 	it dropped by 12% between 50/sec. and 
58,3/see and again remained unaltered up to 100/sec. 
(2) This drop in the effect vies not 
observed particularly at any one reptition frequency, 
but was gradual between 50/sec and 58.3/sec. 
4.3.6 	Since the behaviour of the light pulse 
had suggested that there was a change in intensity 
with frequency, it could bring out a corresponding 
redLAction in the light effect, seen as a reduction in 
the amplitude of the current pulse. Although this 
cnange in the irradiative Intensity with the repetition 
fre.uency was spread over the entire range of 10/sec. 
to 100/see p whereas the change In the amplitude of 
the current pulse was only observed mainly in the 
rai.ge of 50 to 58.3/sec it was of much interest to 
out down the intensity of light by an amount equal to 
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the observed reduction associated with a change of 
frequency from 56 to 58.3/sec and note the correspond-
ing reduction in the current pulse. A simple method 
of changing the intensity of irraciletion was to take 
the source away from the discharge tube, with the 
intensity falling according to the inverse square Law. 
However, this had two main disadvantages: (a) as the 
source was taken away, the discharge tube had to be 
protected from any stray light, and this problem 
of moving the source on a light-tight bath was tedious 
to operate experimentally; also (b) the relation 
between the distance and the intensity being of a 
square power, the accuracy of moving the source to get 
very small changes in intensity demanded elaborate 
modifications. An easier method of controlling the 
intensity with precision was adapted by Introducing 
two polaroida 	between the lamp and the discharge 
tube. 	It wea then a sirple matter of controlling 
the intensity of light falling on the tube by 
changing the orientation of the axes of the polaroids. 
One of them was kept locked and the other rotated 
relative to the first. 
4 9 3.7 	With this arrangement the experiment 
described earlier in 4.3.5 was repeated. The pola 
roids were initially kept with their axes parallel 
to each other allowing maximum transmission. The 
current pulse did not change in amplitude till 50/sec. 
As the repetition flash frequency was farther increased 
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from 50/sec to 58.3/see, the amplitude of the current 
pulse was reduced by 12%.  The amplitude of the light 
pulse also changed a little as the irradiating intensity 
dropped. 	This new position of the peak of the 
light pulse was marked on the face of the C.R.O. 
The flash frequency was then lowered to 50/see, and 
both the pulses regained their original amplitudes. 
Now keeping the flash frequency fixed at 50/sec, the 
orientation of the polaroids was so changed to bring 
down the amplitude of the light pulse to its marked 
value at 58.3/sec 	However, the corresponding 
change observed in the current pulse was only 2.5. 
This suggested that the observed reduction in the light 
effect between flash freuenci's of 50/sec and 58.3/ 
sec, was more characteristic of the change in the 
flash frequency than of the change in the light 
intensity which was associated with a change in flash 
frequency. 
4.3.3 	However, before this change could he 
attributed to the repetition flash frequency, another 
interesting point was observed. When the orientation 
of the polaroids was changed toards cut-off the 
transmitted light was seen to be more and more purple. 
It indicated that the problem of controlling the 
intensity with polaroids was complicated in as much 
as three parameters were simultaneously involved. 
First, the flash lamp of the Strohof].00d emitted a 
4000 4200 4400 4600 4100 5000 5200 5400 5600 3900 6000 6200 6400 
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line spectrum superimposed on a wide band (roughly 
0 
between 3500 A to 6500 A
0
), With different 
orientations of the polaroids, this band was out 
off to a narrower and narrower part but the trans-
mitted part was also shifting towards one end of the 
spectrum and finally the multiplier had its own 
spectral sensitivity curve. The variation in light 
intensity as effected by polaroids was noted by 
measuring the amplitude of the light pulse as seen 
on C.R.0.; but as we were operating in different 
parts of the spectrum for different orientations of 
the poloroids, there was every possibility that the 
amount of variation shown on the C.R.O. may not be 
the true variation in intensity. To analyse these 
changes a further calibration of the set up became 
necessary and these experiments were carried out as 
follows: 
4.3.9 	A constant deviation Hi].ger spectrometer 
was used to obtain the various spectral sensitivity 
curves, The general set up of the experiment was 
as shown in Fig. 15. The drum of the spectrometer 
was initially calibrated with a Hg-are spectrum 
obtained by using the tube of a commercial Hg-arc 
rectifier as a source. The Stroboflood lamp was 
then used as a source and its 'etrum was studied 
by the r:;hoto-multiplier as a detector. This is shown 
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figure the spedtrum of an incandescent lamp is also 
shown (dotted curve) uing the multiplier as the 
detector. This dotted curve, which is the spectral 
sensitivity curve for the photomultiplier shows a 
peak at 5250 A. 	Using the incandescent ltmp again 
as a source, the two polaroids were inserted 
between the lamp and the slit of the spectrometer, 
and the variation of photo-current as a function of 
the various settings of the ares of the polaroid was 
studied. (See Fig. 18). 	This curve was plotted 
with the drum fixed at 5250 A, at which the multiplier 
was found to be most senive. 	The behaviour of 
the spectral curve of the Stroboflood lamp for various 
settings of the polaroids was studied next, and the 
results are given in Fig. 20. From these curves 
it is evident that there is no selective absorption 
by the polaroids (as far as the photo-multiplier is 
concerned), since the reduction of the amplitude of 
each peak follows the curve of Fig. 18 very closely. 
4.3.10 	Following conclusions could then be drawn 
from these calibration figures with reference to 
the previous experiments. 
(1) 	It was evident that although the transmitted 
light appeared to be more and more purple to the eye 
to- ards increasing difference of angles between the 
axes of the polaroids, the photomultiplier was 
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seen on C.R.O. was a true representation of the 
intensity of the transmitted light. 
(2) 	-Although the photomultiplier is not much 
affected by such a change in the colour, this might 
afiect the discharge current, since the light effect 
is known to vary with the frequency of the irradiating 
source (vide 1.5.6). 	But, if the transmitted light 
is shifting more towards the blue side of the 
spectrum, the effect should, in fact, increase, 
causing an increase in the amplitude of the current 
pulse. This eliminated the possibility that the 
reduction in the amplitude of the current pulse with 
increasing angle between the axes of the polaroids 
ws due to the spectral shift of the transmitted 
light. Therefore, the condition that the light 
pulse, as seen on C.R.0., diminishing, was believed 
to be characteristic of a real change in intensity 
of the irradiating light. 
4.3.11 Thus the results indicate that the change in 
intensity of the irradiating source associated with the 
change in repetition frequency of flashes from 50/see 
to 58.3/sec. could not totally sccount for the 
observed reduction in the light effect. The above 
experiments done in air, were also repeated with the 
game tube now filled with H2. The observed reduction 
in effect was 8.2% between the range of frequency of 
50/sec to 6.7/sec.; out of this 3% was due to change 
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in irradiating intensity. 
	
[The order of the light 
effect for various gases is 02< Air <N2 < H2 (see 
1.9.4(a))] . 	The effect of external light is known 
to increase with Va, the applied potential and also 
with p, the pressure of the gas. (See 1,5.1 and 
1.5.3). In these experiments, as the pressure and 
the field were increased, the initial discharge current 
and so also the effect of light increased, but for 
comparison of results ,when the gain controls on the 
amplifiers were adjusted to give a constant amplitude 
for the current pulse, the percentage effect was  
observed to be the sane every time. 	Another 
important point observed was that, although a change 
in amplitude of the current pulse was seen, there 
was no significant change in the shape of the pulse, 
which remained almost constant throughout, about 62 
sec • wide at the base - slightly less than the width 
of the light pulse. Also the peaks of the two 
pilses were exactly located at the same instant, (see 
Fig. 14), indicating that the effect was maxim= when 




5.1 	Deductions from Probe Measurements, corrobor- 
ated by the Measurements of the Discharge 
Current in parts. 
5.1.1 	This study was the first systematic invest- 
igation of the light-effect in d.c. dishargos, where 
the better knowledge of the processes of d.c. dis-
charges was used with advantage, by making direct 
measurements with a probe. From fundamental con-
siderations of the composition of the discharge 
current, as discussed earlier in 1.8. It appeared 
that the factors likely to be influenced my visible 
light were n, the number of charged particles and/or 
k, the mobility. 	Detailed consideration ofthese, 
as Included in 1.9, was strongly suggestive of a 
change in n due to loss of electrons by attachment. 
The attachment of electrons would then be responsible 
for a consequent change in the average mobility of the 
charged particles. 
5.1.2 	As discussed earlier in 4.1.5, a simple prob 
could not be used to obtain direct evidence of an 
increased formation of negative Ions. The concentrat-
ions of positive ions, calculated from the saturation 
positive ion current to a negative probe, were found 
to decrease on exposure to external light. 
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The different processes responsible for ionizatio 
7 are discussed at length earlier in Chapter II. The 
most likely process, as given in 2.4, is ionization by 
electron collision, since the probability of ionization 
by electron impact has a maximum value greeter than 
the corresponding quantity in excitation. Thus a 
diminution in the concentration of potive ions was 
Of 
suggestive of a less nuznberAeleotrons available for 
formation of positive Ions by collision. Considering 
the different possibilities for loss of electrons, as 
given in 1.9, the observed reduction In positive ion 
concentrations was thought to imply the presence of 
more negative Ions under Irradiation. This was 
believed to be corroborated further, by the observed 
reduction of the discharge current collected by the 
outer ring, which was mostly due to electrons, as 
given in 4.1.9. 
5.1.3 	The relative increase in the positive ion 
concentrations obtained by the probe, when it was in the 
glow of a striation, gave evidence that negative ions 
were grouped In the inter-striation dark spaces. This 
also conformed with the observations of ngashe (1951) 
that the light-effect is maximum when the luminous 
parts of the positive column are irradiated. The 
curves by Allis et al (1951) for ionization rates per 
electron across the discharge suggest that the rate 
is maximum in the luminous part. Plasma resonance 
can produce these high ionization rates; and since 
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the excitation at each point is proportional to the 
ionization at each point, this should also correspond 
to the light intensity emitted by various portions of 
the discharge. 
	
5.1.4 	The observed dependence of the effect on the 
discharge current and on the pressure of the gs was 
compatible with the results, summarised in 1.5.1 and 1.5.3. 
The tth al effect in the case of hydrogen was smaller 
than that in the case of air. A total absence of any 
influence of "ageing" in the case of hydrogen was beligved 
to indicate the effect of purity of the gas. The 
importance of impurities on the life of metastable atons 
is mentioned in 2.8.2. 
5.1.5 	As given later in 5.2.3, indications of a 
negative space charge on the wall of the discharge 
tube was obtaired, which was probably limiting the 
flw of electrons to a narrow shell between the wall 
and the axis of the tube. According to the theory 
advanced by Joshi (1939, 1945 and 1946) the layers 
on the walls of the vessel emit photo-electrons under 
the action of light. No evidence of a presence of 
additional electrons, under irradiation, was obtained 
in the present study, either by the probe or by the 
split-electrode. 
11 
1 511.6 	The view of Prasad (1945) that when radiat- 
ions fall on the gas, exciting it to higher vibrational 
and electronic states, the dielectric constant and 
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hence the dielectric current decreases, was not 
applicable to the present work in d.c. discharges 
wherein the current was definitely an ohmic current. 
The role of photo excitation End photo-ionization 
has been considered previously in 2.7. Frank and 
Grotrjan (1921) have pointed out that stoma or mole-
cules in excited states will have properties entirely 
different from neutrl moleculs and in aDme states 
may well have a strong electron affinity, The 
influence of external light on the attachment probab-
ility may, therefore, be looked upon by way of an 
intermediate state of photo-excitation. Photo-diss-
ociation of molecules into atoms is also a possibility, 
s mentioned earlier in 1.9,4(a). 	Loeb (1952) has 
sLested that the dissociative capture of electrons, 
to form negative ions, could explain many results, 
especially the quenching of ¶f'riohel pulses, the 
decrease of luminosity and the time-lag. This 
equation gives a time-lag due to ion-formation of the 
order of 10'? see, with electron energies of about 
3 eV, 
5.2 	Deductions from the Noise Measurements. 
5.2.1 	In the present study, the search for oscill- 
ations from the discharge was mainly confined to the 
high frequencies, in order to obtain some informntlon 
about the concentrations of electrons, in light of the 
observed reciuction in the electronic part of the 
dischare current.. as collected by th iit 	 f 
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the split electrode. No oscillations were detected 
in the range of plasma-electronic oscillation fre-
quencies, under conditions suitable for observation 
of the light effect. The observed oscillations were 
also not related to plasma-ionic oscillations. 	They 
were more characteristic of electrical noise confined 
to discrete frequencies. Their intensities were 
too high for any connection with thermal origin. 
5.2.2 	As mentioned earlier in 4.2.5, the influence 
of light was absent when the probe, which was invest-
igating near the axis of the discharge tube, was used 
as a coupling. 	This was suggestive that the observed 
oscillations had their origin related more to the 
movements of electrons than to the movements of ions. 
The intensity of the oscillations was also found to 
be maximum when the external coupling was around the 
cathode dark space, where the electrons acquire most 
of their energies. 
5.2.3 	When a probe, investigating close to the 
walls of the tube, was tried for a coupling, it failed 
to pick up any signals, as it was probably surrounded 
by a stable negative space charge on the walls. This 
could prevent the oscillations of electrons from being 
picked up by the probe. Under irradiation, A nee 
a distinct change in frequency was obtained only in a 
few cases, a definite identity of the oscillations 
with electrons, believed to be lost under irradiation, 
99. 
could not be established. 	 I  
5.2.4 	The signals appeared to be produced by 
very narrow pulses, whose amplitude decreased on 
exposure to light (see 4.2.7). The nature of these 
pulses was similar to those observed by Harries & 
Engel, (1951) in the case of electrodelesa a.c. 
discharges. However, they could not be ascribed, 
in the present case, to partial discharges of different 
regions of electrode surfaces, 
5.2.5 	The oscillations at which the striations 
were found to be oscillating in the positive column 
were coherent at a frequency of about OO kc/s, as 
reported by Labrum & Eigg (1952). Although they 
were not dependent on the external circuit they were 
more characteristic of a type of relaxation oscillations  
of the whole plasma than of plasma-ionic oscillations, 
5.3 	Deductions from the Study of the Time-leg, 
5.3.1 From the study of the two pulses of current 
and light as displayed on the scope (see Fig. 14)0 
it was seen that the ak of the current pulse and the 
peak of the light pulse were occurring at the same 
instant. The bases of these pulses, whose durations 
about 69 sec, as mentioned earlier in 4.3.11, 
were displayed on the scope over a length of about 60 
'mm. By inverting one of these pulses, with the 
provision on the amplifier as mentioned in 4.3.4, the 
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peaks of the two pulses could be compared within 
at least a millimeter; so the absence of any difference 
between the peaks of the two pulses up to a milli-
meter could be regarded as Indicating no time lag, 
between the exposure of the discharge to irradiation 
and consequent reduction of current, up to 0.8 tAsee, 
This comres with the figure by Loeb (1952) of 
see, for the time-lag due to ion formation (see 5.1.6). 
5.3.2 	In the case of air there was no change 
in the amount of light-effect up to a flash frequency 
of 50/see, which would mean that the whole process 
responsible for the light effect was complete within 
20 milliseconds, after which interval the next light 
pulse occurred. The observed change in the light 
effect, when the flash frequency was changed from 
50/sec to 58.3/sec., was a diminution of 12.0%, out 
of which 2,5% could be attributed to a change in 
the intensity of the light pulse, If a linear relation 
between light intensity and light effect is assumed. 
Thus, a critical part of the process, which was res-
ponsible for 9.5% of the total effect of light, 
appeared to occur after about 17 milliseconds, When 
the flash frequency was changed from 58.3/see, to 
100/3ec., no further change was observed. This 
signified that the remaining part of the process was 
probably occurring before 20 milliseconds and after 
3.7 milliseconds. Whether it did really occur within 
10]. - 
3 milliseconds, could not be verified because 
the maxinium of the repetition flash frequency of the 
triggering Stroboflash unit was unfortunately only 
100/sec. 
In the case of Hydrogen the corresronding 
figures were - total process occurring within 20 
milliseconds, a critical part, responsible for 5,2% 
of the total effect occurred after about 15 mUll-
seconds, 
5,3,3 	The elaborate calibrations performed to 
study the influences of different parameters involved 
in the observation, clearly indicated that the 
observed changes were truly characteristic of the 
variations in the flash frequency. If the attach-
ment of electrons to form negative ions is regarded 
as the likely process, responsible for the action 
of external light, it may be deduced that most of the 
attachment was taking place within 3 milliseconds 
in the case of air and within 5 milliseconds in the 
case of hydrogen, assuming that the remaining major 
part of the process did complete itself within 3 and 
5 milliseconds respectively. Further, in the case 
of air, the percentage of the total process occurring 
"thin this interval of 3 milliseconds (90.5%) was 
less than that in the case of hydrogen (94.8%) 
occurring within 5 milliseconds. Thus, statistically 
over a certain Interval of time, the effect of light 
102 
in the case of air could be expected more than in 
the case of hydrogen. This is compatible with the 
previous resilts, obtained with a.c. discharges 
[(see 1.9.4(a)] , that under identical conditions, 
the effect of external light is more in the case 
of air than in the case of hydrogen. 
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A Note on the Conditions for Formation of 
Striations in Hydrogen Glow Discharges. 
During the investigations about the role of 
striations in the mechanism of the effect of external 
light on glow discharges, as discussed in detail 
earlier in ( 47.), another peculiar phenomena 
about striations was observed, which was later 
investigated in more detail. 
A few months before these observations were made, 
Fowler (1951) had published a note about a remarkable 
property of the striations which he observed. In 
this communication, he has said that no striations 
ever existed at the Junction A of the side-tube and 
the main discharge tube (see fig. 2-1 ) although stable 
striations could exist on both sides of A. 	When 
the vicissitudes of increasing current compelled 
striation S1 to move across the junction, it moved 
abruptly, and very quickly to the position S2. In 
all other positions the striations moved slowly and 
smoothly along the tube. 
The phenomena noted during the course of present 
research was similar in nature to Fowler's observation. 
A large discharge tube, 40 mm. in diameter and 440 mm 
in length, filled with hydrogen at a pressure of 1.2 
xrim* of mercury, with two internal electrodes was excit-
ed with a steady potential difference and it never 
showed any striation being formed at the junction 
when the tube was quite clean. However, this tube 
once got heated so much during a long experiment, 
that some grease from a stopcock which was directly 
below the junction, evaporated. 	The discharge tube 
was held in a clamp, which rested exactly over the 
junction (as seen in the photograph in Fig.22) and 
the evaporated grease vapour condensed on the 
relatively cold part of the tube in contact with the 
clamp. Thus a narrow ring of grease coating was 
formed on the tube directly above the junction. 	This 
made a remarkable change as regards formation of 
striations; a striation was now found even at the 
junction (Fig.22) and in fact the whole column of 
striations could be moved all along the tube slowly 
and smoothly without any abruptness, which was 
observed earlier and which is described by Fowler. 
Looking at the tube B in Fig, 23 , wbioh being 
clean, confirms Fowler's observai;ion that a 
striation does not appear across the junction and if 
we have to account for its absence by a discontinuity 
in the glass periphery, as suggested by him, it apears 
that what the glass periphery does for formation of 
a. striation can be compensated by the presence of 
impurity on the wall of the tube in Fig. 22. The 
action of such Impurity in removal of metasbshle 
atoms is well known [Compton et al (1924)]; and the 
role played by the glasswall can be probably looked 
D=30.75mm Tube B 
d = 10-0 mm 	D/d = 3.075 
FIG. 23. 
D949mm Tube C 
dIOOrrtm D/d04S 
FIG. 24. 
,upon in this light. We would, therefore, expect 
observed effect to be even more pronounced 
if we work with a clean tube, which has a wider 
side-arm causing a wide break in the glass periphery 
at the junction. 
To study this aspect we took a third tube (C) 
of a smaller diameter but with a side-arm larger 
in diameter than the main discharge tube (Fig.2.t). 
The vacuum system was now provided with a needle valve 
and both the pressure as well as the applied field 
could be varied continuously. With this arrangement 
it was possible to get the striations such that 
average distance S (see Fig.2.I ) between two of them 
H was smaller than d, the diameter of the junction 
opening.  When a column of such striations was made 
to move over the junction, it was curiously observed 
that a striation could now be seen at the junction, 
although the tube was clean, 	(Fig.Z'i). 	Thus in 
both clean tubes A and B, when D was greater than d 
(or when D/d was greater than unity), striations 
seemed in general, to avoid the junction (Fig.23); 
but in the case of tube C. where D was less than d 
(or where D/d was less than unity), they preferred to 
form across the junction - sometimes with a slight 
hesitation - than to show any asymmetry in their 
spacing. 
Since a satisfactory theory of striations has not 
yet been put forward, a complete interpretation of 
every striation phenomena is not easy. Lan & 
Reicheriheirt (1929 and 1930) have concluded that the 
recombination of H atoms to H2 molecules at the wall 
is important for the appearance of striations. 
Donahue & Dicke (1951) have concluded as a result 
of their experiments that the travelling regions 
of positive and negative space charges, responsible 
for striations are initiated by the accumulation of 
electrons in the negative glow region. On the other 
hand, Loeb (1947 p.  573) has suggested that the 
striations may be associated with p1asma-osoil1ations. 
These results are in support of the view of the 
mechanism of the striations, that they have their 
origin in the plasma itself. Any electrical wave 
of sufficiently short length, if propogated through 
the plasma, would suffer a phase change on reflection 
at the head of the column and would set up a standing 
wave. The striations may then be accounted for by 
the positions of the nodes and antinodes. Recent 
observations of Gale (1953) with H/F discharges 
excited by placing the discharge tube between the 
wires of a Lecher system, show the presence of 
striations at the voltage antinodes indeed. There 
are, however, other theories also, advocating the 
presence of striations as due to the cathode 
phenomena. 	Most recent observations of Boyd & 
Twiddy (1954) giving aome preliminary results 
about the electron energy distribution in the 
striated hydrogen discharge, indicate that in a 
striation, there is present a group of electrons 
having energies considerably higher than the mean. 
Gambling (1952) in commenting on Fowler's 
observation, has suggested that the increase in 
the effective diameter at the junction may violate 
the Druyvesteyn and Penning's (1946, Fig. 78) 
empirical relation pR = m,where p is the pressure 
of the gas in mrn.Hg; R is the radius in cm, and in 
is a constant depending on the current, However, 
this does not seem to account fully for the 
phenomena observed in the present investigation, 
since there can always be found a condition to 
satisfy this relation even at the junction, by 
varying either the pressure or the applied field. 
Although the pressure and the field were independently 
changed over a large range in the present invest-
igation, a striation could never be seen across the 
junction in both tubes A and B. when they were clean 
and where D/d was greater than unity. 
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APPENDIX B 
A New Device for Ereaking the Capillary-
Seals of Gas-Bottles. 
During the course of this research, a new kind of 
device was developed and successfully operated for 
breaking the seals of the gas-bottles. 	The gas-bottles 
in which various pure gases are commercially supplied 
by firms like the British Oxygen Co., are usually 
supplied in soft soda-glass vessels. 	However, in 
high vacuum systems, such as the one used in present 
experiments, the assembly has often to be made in a 
hard rlPas, like pyrex, in order to be able to bake 
the system for thorough out-gasing. For use on such 
systems, to facilitate the joining of the gas-bottle 
directly to the vacuum system without any graded 
seals, the gases could he specially o1'tained in pyrex 
vessels. 
The usual method of breaking the capillary seals 
on these gas bottles is to place a small iron ball 
inside the vertical neck of the gas-bottle before 
it is joined to the vacuum system. 	After evacuation 
of the neck, the iron ball is lifted by a magnet from 
outside of the glass neck and is then allowed to drop 
on the fine capillary s,-,al. 	This breaks the capillary 
and allows the gas in the bottle to come out into the 
neck and then into the system as required. 
Although this technique is quite successful for 
ilseve 
"let. 
soft-glass seals, it has often been found that when 
handling gas-bottles of pyrex, a round ball (as big 
in diameter as the neck could take) is not 
sufficiently heavy to break the hard glass capillary 
and larger cylindrical pellets had to be used. To 
lift these, a more powerful magnet is required. 
Further, when the purity of the gas is important, the 
metal pellet is desired to be totally enclosed in a 
glass sleeve in order to prevent it from contamixting 
the gas by out-gassing. With such an enclosing glass 
sleeve, a still more powerful magnet is required 
to raise such a heavy cylindrical pellet from outside 
the two glass walls (one of the enclosing sleeveand 
the other of the neck). When working in restricted 
space, with systems compactly set up on small trolleys, 
the lifting of such heavy pellets by a large magnet 
s indeed often cumbrous. 
To overcome these difficulties, a new arrangement 
was constructed as shown schematically in detail in 
the opposite figure. The seal-breaking heavy 
pellet is suspended in the main neck of the gas-bottle 
a short distance over the capillary seal, by a glass 
hook, through which the long beak of the enclosing 
sleeve of another small pellet is passed. 	This 
second pellet is placed in a side-tube, joined to 
the main neck of the gas-bottle. The free end of the 
side-tube is initially open and a small constriction 
is made at its joint with the neck, in order to guide 
the long glass beak along a particular direction. 
In practice, the system is assembled as follows: 
a small dimple is first made in the neck of the gas-
bottle (not shown in the sketch) above the capillary 
seal, beyond which the heavy pellet cannot go and 
break the seal accidently. Then holding the gas-
bottle with its neck horizontal and the side-tube 
vertical, the heavy seal-breaking pellet, which is 
totally enclosed in a glass sleeve and having a small 
glass hook on top (see fig.) is slid down the neck 
till the glass hook is directly below the constriction 
in the joint of the side tube. The second pellet, 
which is also enclosed totally in glass and which 
has a long glass beak, is then put in the side-tube 
through its open free end, so that its beak passes 
through the constriction and through the eye of the 
glass hook below it, till the tip of its beak touches 
the-tall 	the neck of the &&s-bottle. 	Some cotton- 
wool is then packed over it, in the side-tube to 
prevent it from sliding back. When the gas-bottle 
is now made to stand with its neck vertical, the heavy 
pellet is suspended on the beak of the second side-
pellet, above the capillary seal. 
The gas-bottle is then joined to the vacuum 
system in this potion. When it is secured in 
its place, the protecting dimple in the neck of the 
gas bottle is removed by playing a torch over it 
and at the same time, blowing through the open end 
of the side-tube. The packing cotton-wool is then 
gently removed and the side tube is drawn close, 
leaving a space roughly eual to the diameter of the 
neck, behind the side-pellet inside it. 
The side-tube and the neck can then be evacuated 
to the reqi4red degree of vacuum end baked out if 
necessary, In order to break the sealing capillary, 
the pellet in the side-tube is drawn back, by an 
outside magnet, towards the dead end of the side tube. 
This disengages the hook from the beak, releasing 
the suspended pellet to drop on the capillary seal 
and break it. The bottom end of the glass sleeve 
enclosing the dropping pellet is thickened to withstand 
the impact. 
The system has the following advantages: 
The pellet in the side-tube can he small, 
making it possible for a tiny magnet to operate it. 
Because of a side-ways motion in the side-
tube, the magnetic force required to move the side-
pellet is only to overcome the frictional resistance s, 
whereas if a magnet is to lift the striking pellet, 
the required force is to counteract its gravity. 
With this device, it has been found that a tiny U-
magnet can easily drop a heavy striking pellet. 
The required force for breaking the seal 
of any hard glass can be easily obtained either by 
choosing a heavier striking pellet or allowing it to 
- 
I drop from a greater height. Both thse factors are 
independent of the size of the magnet required. 
From the little experience obtained so far with 
this technique, it is observed that the troubles of a 
little extra glass-blowing, required in making and 
setting up the device, are amply rewarded by the ease 
of operation and positive action. 
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APPENDIX C 
Critical Potentials of Hydrogen and other 
Izrmurit.ies. 
Atom or 	First excitation 






















Landolt - l3órnstein: vol. I, (Part I), 1950. Cited 
by Meek & Craggs (1953). 
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